7-[(7-ALKOXY)-CHROM-3-EN-6-YL]-HEPTATRIENOIC ACID AND 7- 
[(3-ALKOXY)-5 ? 6-DIHYDRONAPHTHALEN-2-YL]-HEPTATRlENOIC 
ACID DERIVATIVES HAVING SERUM GLUCOSE REDUCING 

ACTIVITY 
BACKGROUND OF THE INVENTION 

Field of Invention 

The present invention relates to compounds that have the property of 
reducing serum glucose and serum triglyceride levels in diabetic mammals 
without the undesirable properties of reducing serum thyroxine levels and 
transiently raising triglyceride levels. More particularly, the present 
invention relates to 7-[(7-alkoxy)-chrom-3-en-6-yl]-heptatrienoic acid and 
7-[(3. a lkoxy)-5,6-dihydronaphthalen-2-yl]-heptatrienoic acid derivatives 
having the above-noted biological property. 

Compounds that have retinoid-like activity are well known in the art, 
and are described in numerous United States and other patents and in 
scientific publications. It is generally known and accepted in the art that 
retinoid-like activity is useful for treating animals of the mammalian 
species, including humans, for curing or alleviating the symptoms and 
conditions of numerous diseases and conditions. It is now general 
knowledge in the art that two main types of retinoid receptors exist in 
mammals (and other organisms). The two main types or families of 
receptors are respectively designated the RARs and RXRs. Within each 
type there are subtypes; in the RAR family the subtypes are designated 
RARq, RARp and RAR y , in RXR the subtypes are: RXR a , RXR P and 
RXR y . It has also been established in the art that the distribution of the two 
main retinoid receptor types, and of the several sub-types is not uniform in 
the various tissues and organs of mammalian organisms. Moreover, it is 
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generally accepted in the art that many unwanted side effects of retinoids 
are mediated by one or more of the RAR receptor subtypes. Accordingly, 
among compounds having agonist-like activity at retinoid receptors, 
specificity or selectivity for one of the main types or families, and even 
specificity or selectivity for one or more subtypes within a family of 
receptors, is considered a desirable pharmacological property. 

For a general overview of the retinoid receptors see Mangelsdorf et al 
(1994) The Retinoid Receptors In: The Retinoids, edited by Spom et al p 
3 19-349. Raven Press, Ltd., New York. For another general overview see 
Dawson and (?)Okamura, Chemistry and Biology of Synthetic Retinoids, 
published by CRC Press Inc., 1990, pages 324-356. 

The following United States patents and other references disclose 
compounds that include a pentadienoic acid or heptatrienoic acid moiety 
attached to a chroman, chromene, tetrahydronaphthalene or 
•dihydronaphthalene group, or related compounds with retinoid or like 
biological activity: United States Patent Nos. 6,048,873; 6,147,224; 
5,917,082, 5,677,320; 5721,103; 5,801,253; 6,326,397 and PCT 
Publications WO 97/12853 and WO 01/19770. 

Relatively recently it has become known that certain retinoid 
compounds are capable of reducing serum glucose levels in diabetic 
mammals. Mukherjee, R.; Davies, P. J.; Crombie, D. L. Bishoff, E. D.; 
Cesario, R. M.; Jow Hamann, L. G.; Boehm, M. F.; Mondon, C. E.; Nadzan, 
A. M.; Patemiti, J. R. Jr.; Heyman, R. A. Sensitization of Diabetic and 
Obese Mice to Insulin by Retinoid X Receptor Agonists, Nature 1997, 386 
(6623), 407-410. The compound (2E, 4E, FS, 2'S)- 3-methyl-5-[2'-methyl- 
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2'-(5,5 3 8 ? 8-tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)-cy 
penta-2,4-dienoic acid, described in United States Patent No. 6,1 14,533, has 
this property. A disadvantage of the prior art retinoid compounds that 
reduce serum glucose levels is that their administration usually also results 
in the pharmacologically undesirable reduction of serum thyroxine levels 
and a transient increase in serum triglyceride levels. The present invention 
is directed to novel compounds that do not have one or both of these 
undesirable side effects. 

SUMMARY OF THE INVENTION 
The present invention generally relates to compounds of Formula 1 




Formula 1 

where A is indepenndently an alkyl group of 1 to 6 carbons, halogen, 
or alkoxy of 1 to 6 carbons; 

m is an integer having the values of 0 to 3; 
W is H, alkyl of 1 to 8 carbons or phenyl; 

E is independently an alkyl group of 1 to 6 carbons, halogen, or 
alkoxy of 1 to 6 carbons; 

n is an integer having the values of 0 to 2; 
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Z is an alkyl group of 1 to 8 carbons; 

G is H or an alkyl group of 1 to 8 carbons; 

J is independently H, halogen, or alkyl of 1 to 6 carbons; 

Y is O, or [C(R 3 ) 2 ] 0 where R 3 independently is H or alkyl of 1 to 6 
carbons and o is an integer having the value of zero (0) or one (1), and 

R4 is H, alkyl of 1 to 6 carbons, CH 2 OR 5 or CH 2 OCOR 5 where R 5 is 
alkyl of 1 to 3 carbons, or a pharmaceutically acceptable salt of said 
compound. 

The present invention also relates to pharmaceutical compositions 
incorporating the compounds of Formula 1 and to methods of treatment of 
diabetic mammals with pharmaceutical compositions containing one or 
more compounds of Formula 1 to reduce serum glucose levels in said 
mammals. 

The present invention also relates to the methods of using the 
compounds of the invention to treat diseases and conditions which are 
responsive to treatment by retinoids. 

DETAILED DESCRIPTION OF THE INVENTION 
GENERAL EMBODIMENTS AND SYNTHETIC METHODOLOGY 
Definitions 

The term alkyl refers to and covers any and all groups which are 
known as normal alkyl and branched-chain alkyl. In the case of an alkyl 
group of three carbons (propyl) the definition of "alkyl" also includes 
cyclopropyl that is abbreviated in the schemes and formulas, as applicable, 
as "cPr". 
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A pharmaceutically acceptable salt may be prepared for any 
compound in this invention having a functionality capable of forming a salt, 
for example an acid functionality. A pharmaceutically acceptable salt is any 
salt that retains the activity of the parent compound and does not impart any 
deleterious or untoward effect on the subject to which it is administered and 
in the context in which it is administered. 

Pharmaceutically acceptable salts may be derived from organic or 
inorganic bases. The salt may be a mono or polyvalent ion. Of particular 
interest are the inorganic ions, sodium, potassium, calcium, and magnesium. 
Organic salts may be made with amines, particularly ammonium salts such 
as mono-, di- and trialkyl amines or ethanol amines. Salts may also be 
formed with caffeine, tromethamine and similar molecules. 

The compounds of the present invention include olephinic double 
bonds about which trans and cis (E and Z) stereoisomerism can exist. All 
orientations with regard to the olephinic bonds are within the scope of the 
invention, as is indicated by wavy lines in Formula 1. Nevertheless specific 
examples of the compounds of the present invention have the specific 
orientations of substituents relative to the double bonds as is indicated in the 
name of the respective compound, and/or by specific showing in the 
structural formula of the orientation of the substituents relative to the 
respective double bonds. 

The compounds of the present invention may also contain one or 
more chiral centers and therefore may exist in enantiomeric and 
diastereomeric forms. With regard to the chiral centers which may exist in 
the compounds, the scope of the invention is intended to cover all possible 
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orientations of the substituents relative to the chiral center or centers, thus 
including pure enantiomers (optical isomers), diastereomers, mixtures of 
diastereomers and racemic mixtures of enantiomers. 

Generally speaking the compound of the invention can be obtained as 
shown in Reaction Schemes 1 and 
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Formula 2 



1 ) WMgBr , CeCI 3 

2) c H 2 SQ 4 (A) m -«<^ 



OCH 3 




OCH3 



Formula 3 




Formula 5 



OEt 

1) Bu 3 Sn6=CH 2 , 
PdCI 2 (PPh 3 ) 2 ' 

2) 10% HCI 



1) BBr 3 ,CH 2 Cl2 

2) Zl, K 2 C0 3 acetone 

- — ( A )m- r/ V Y /-y, 

Formula 4 




OCH 3 



LDA, THF 




OEt 



C ° 2Et (A)^^, 



Dibal-H 



Formula 6 




Reaction Scheme 1 
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Reaction Scheme 1 (continued) 



In accordance with Reaction Scheme 1 a chroman, 
tetrahydrohydronaphthalene or indane derivative of Formula 2 is reacted 
with a Grignard reagent of the formula WMgBr, preferably in the presence 
of cerium (HI) chloride (CeCl 3 ), and thereafter with acid to form a 
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chromene, dihydronaphthalene or indene derivative of Formula 3. The 
variables A, Y, E, m, n and W are defined as in Formula 1 with the 
exception that in this scheme W is not H. The starting compounds of 
Formula 2 are either available in accordance with the chemical scientific or 
patent literature, or by such modifications of these literature procedures 
which are well within the skill of the practicing organic chemist. Also, 
description of the specific embodiments below provide examples for 
obtaining exemplary compounds of Formula 2 by literature procedure or by 
synthesis. Additional compounds within the scope of Formula 2 can also 
be made by such modifications of the below described examples which will 
be within the skill of the practicing organic chemist in light of this 
disclosure. 

Inasmuch as the presently preferred exemplary compounds of the 
invention are chromene and dihydronaphthalene derivatives, only these two 
condensed ring structures are mentioned further in connection with the 
further description of the invention, although it should be understood that 
the reactions shown in Reaction Schemes 1 and 2 are also applicable to the 
synthesis of indene derivatives within the broad scope of the invention. 

The bromo substituted chromene or dihydronaphthalene derivative of 
Formula 3 is then reacted with tributyl(l-ethoxyvinyl)tin in the presence of 
dichlorobis(triphenylphosphine)palladium(H) and thereafter with acid to 
introduce an acetyl group in place of the bromo group and obtain a 
chromene or dihydronaphthalene derivative of Formula 4. Treatment of the 
compound of Formula 4 with boron tribromide removes the methyl group 
from the 7-position of the chromene, or from the 3 position of the 
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dihydronaphthalene compound, as applicable, and provides a free hydroxy! 
function in its place. Treatment of this hydroxyl compound with an alkyl 
iodide (or other halide) of the formula ZI introduces the alkyl group Z 
(defined as in connection with Formula 1) into the molecule and provides 
the 7-alkoxy-chromene or 3-alkoxy-dihydronaphthalene derivative, as 
applicable, of Formula 5. Instead of the alkyl halide ZI other types of 
alkylating agents can also be used to introduce the alkyl group Z. 

The compound of Formula 5 is then subjected to a Horner -Emmons 
reaction with the reagent triethyl-2-phosphonoacetate, triethyl-2-fluoro-2- 
phosphonoacetate, or like reagent shown in the scheme where the variable J 
represents hydrogen, halogen (preferably fluoro) or an alkyl group, as 
defined in connection with Formula 1. The reagents triethyl-2- 
phosphonoacetate and triethyl-2-fluoro-2-phosphonoacetate are available 
commercially (Aldrich). 

The Horner - Emmons reaction is conducted in the presence of strong 
base, such as lithium di-wo-propylamide (LDA) as is indicated in the 
scheme, or n-butyllithium, in the presence of an inert solvent, such as 
tetrahydrofuran (THF) as indicated in the scheme, or in hexane. 

The product of the Horner - Emmons reaction is a carboxylic acid 
ester compound of Formula 6 which is thereafter reduced to the primary 
alcohol level with a suitable reducing agent such as diisobutylaluminum 
hydride (DIBAL-H) to give a compound in accordance with Formula 7. 
The primary alcohol of Formula 7 is then oxidized to the aldehyde level by 
treatment with 4-methylmorpholine AT-oxide (NMO) and 
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tetrapropylammonium perruthenate (TPAP) to give a compound in 
accordance with Formula 8. 

The aldehyde compound of Formula 8 is then subjected to still 
another Homer - Emmons reaction conducted in the presence of strong base 
(/z-butyllithium) and 1 ? 3-dimethyl-3,4 ? 5 5 6-tetrahydro-2(7 J F/)-pyrimidinone 
(DMPU) with the reagent ethyl 4-(diethoxyphosphoryl)-3-methylbut-2- 
enoate in THF or in other suitable inert solvent, to provide a 7-[(7-alkoxy)- 
chrom-3-en-6-yl]-heptatrienoic acid ethyl ester or 7-[(3-alkoxy)-5,6- 
dihydronaphthalen-2-yl]-heptatrienoic acid ethyl ester, as applicable, in 
accordance with Formula 9. Ethyl 4-(diethoxyphosphoryl)-3-methylbut- 
2E-enoate can be obtained in accordance with the literature reference: JOC, 
1974, 39, 821, incorporated herein. Sometimes this reagent is also referred 
to as txiethylphosphono-3-methyl-2is-butenoate. The compounds of 
Formula 9 are within the scope of the invention. They are saponified by 
treatment of sodium hydroxide (or other suitable base) to give free acid 
compounds, or their pharmaceutically acceptable salts in accordance with 
Formula 10. The free acids of Formula 10 can also be esterified by 
procedures well known in the art to obtain ester compounds, within the full 
scope of the variable R4 in Formula 1. f 
It should be noted that Reaction Scheme 1 and all other reactions 
schemes of this specification, for the sake of simplicity and clarity of 
illustration, indicate the presently preferred specific orientation (cis) or 
(trans) of the applicable groups relative to each olephinic bond in the 
intermediate and final compounds. A person having ordinary skill in the art 
can obtain the compounds with different orientations based on the present 
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description coupled with state-of-the-art knowledge regarding analogous 
reagents, reaction and separation techniques. Also, for the sake of 
simplicity and clarity of illustration the variable G in the 7 position of the 
heptatrienoic acid moiety of the compounds of Formula 1 is shown as 
methyl in Reaction Scheme 1. The variable J in the 3 position of the 
heptatrienoic acid moiety of the compounds of Formula 1 is also shown as 
methyl in Reaction Scheme 1 and in all other reactions schemes of this 
specification. Some of the specific reactions schemes below provide 
examples for the preparation of compounds of the invention where the 
variable G in the 7 position of the heptatrienoic acid moiety of the 
compounds of the invention is an alkyl group other than methyl. 

Reaction Scheme 2 discloses an alternative general method for 
obtaining compounds of the invention. In accordance with this scheme an 
iodo-substituted allyl alcohol of Formula 11 serves as a starting material. 
In Formula 11 the variables G and J are defined as in connection with 
Formula 1. Examples for compounds of Formula 11 where the variable J 
is H and the variable G is methyl or ethyl are utilized for the synthesis of 
several preferred compounds of the invention. These examples are 
described in the specification of United States Patent No. 6,147,224 which 
is expressly incorporated herein by reference. 

The allyl alcohol of Formula 11 is oxidized to the aldehyde level by 
treatment with 4-methylmorpholine iV-oxide (NMO) and 
tetrapropylammonium perruthenate (TPAP) and the resulting aldehyde is 
subjected to a Horner - Emmons reaction with the reagent ethyl 4- 
(diethoxyphosphoryl)-3-methylbut-2E-enoate in THF, hexane or in other 
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suitable inert solvent, to provide a 7-iodo-substituted heptatrienoic acid ester 
of Formula 12. 

Another starting material in this reaction scheme is a 6-bromo- 
substituted-chroman-4-one derivative, or a 2-bromo-substitituted 
tetrahydronaphthalen-8-one derivative, as applicable, of Formula 2, which 
can be obtained as described in connection with Reaction Scheme 1. 
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W 

Formula 1 1 

' J = H; G = Me, Et > 
United States Patent 
# 6,147,224 / 

O 



(AJnT^ 



1) TPAP, NMO 

2) n-BuLi 



(OEt) 2 R 



CO z Et 





Br 1 ) BBr 3 , CH 2 CI 2 (34%) 
2) Zl, K 2 C0 3 acetone 



CQ 2 Et 



Formula 12 



OCH 3 



(A)~ ^ 




Formula 2 




(E)/ 

Formula 15 

Formula 12 
Pd(PPh 3 ) 4 , Na 2 C0 3 , 
Tol.,EtOH, H 2 O,100°C 



+ boronic acid analogue 

oz- 

PdCI 2 dppf DCM, KOAc 
DMF, 80°C 



Formula 13 

1) W-MgBr, DMPU 

2) PTSA, PhH, reflux 

W 

w Br 




NaOH, EtOH 




Formula 16 



(AJrr^ 



C02Et Formula 17 

Reaction Scheme 2 




CQ 2 H 
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The bromo compound of Formula 2 is reacted with boron tribromide 
to remove the methyl group from the 7-position of the chroman-4-one or 
from the 3 position of the tetrahydronaphthalen-8-one derivative, as 
applicable, and the resulting free hydroxyl group is reacted with an alkyl 
iodide (or other halide) of the formula ZI to introduce the alkyl group Z 
(defined as in connection with Formula 1) into the molecule and to provide 
a 7-alkoxy-chroman-4-one or 3-alkoxy-tetrahydronaphthalen-8-one 
derivative, as applicable, in accordance with Formula 13. Instead of the 
alkyl halide ZI other types of alkylating agents can also be used to introduce 
the alkyl group Z. 

The compound of Formula 13 is reacted with a Grignard reagent of 
the formula WMgBr, and thereafter with acid, such as /?<zra-toluenesulfonic 
acid (PTSA) to form a 6-bromo-chromene, or 2-bromodihydronaphthalene 
derivative, as applicable, in accordance with Formula 14. The bromo 
compound of Formula 14 is reacted with bis(pinacolato)diboron in the 
presence of potassium acetate and [1,1 '-bis(disphenylphosphino)- 
ferroceneJdichloropalladium(II) complex in dichloromethane and 
dimethylformamide under an inert gas (argon) atmosphere. This reaction 
yields a mixture of the boronic ester compound of Formula 15 and the 
boronic acid analogue that is not shown in the reaction scheme. The 
mixture of the boronic ester compound of Formula 15 and of thethe 
boronic acid analogue is reacted with the reagent of Formula 12 in the 
presence of tetrakis(triphenylphosphine)palladium(0) and sodium carbonate 
in toluene and ethanol to provide a 7-[(7-alkoxy)-chrom-3-en-6-yl]- 
heptatrienoic acid ethyl ester or 7-[(3-alkoxy)-5,6-dihydronaphthalen-2-yl]- 
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heptatrienoic acid ethyl ester, as applicable, in accordance with Formula 
16. The compounds of Formula 16 are within the scope of the invention. 
They are saponified by treatment of sodium hydroxide (or other suitable 
base) to give free acid compounds, or their pharmaceutically acceptable 
salts in accordance with Formula 17. 

BIOLOGICAL ACTIVITY, MODES OF ADMINISTRATION 
It has been discovered in accordance with the present invention that 
compounds of this invention are capable of significantly reducing serum 
glucose levels and reducing or maintaining serum triglyceride levels in 
diabetic mammals, without the undesirable side effects of transiently raisin; 
triglyceride levels (hypertriglyceridemia) and in some cases without 
reducing serum thyroxine levels (hypothyroidism). The compounds of the 
invention were tested in certain assays for activity as agonists of RAR and 
RXR retinoid receptors. These assays demonstrated that the compounds of 
the invention are partial agonists of the RXR receptors. 

Specifically, one such assay is a chimeric receptor transactivation 
assay which tests for agonist-like activity in the RAR^, RARp and RAR y 
receptor subtypes, and which is based on work published by Feigner, P. L. 
and Holm, M. (1989) Focus, 1 12 is described in detail in United States 
Patent No. 5,455,265. The specification of United States Patent No. 
5,455,265 is hereby expressly incorporated by reference. 

A holoreceptor transactivation assay and a ligand binding assay 
which measure the antagonist/agonist like activity of the compounds of the 
invention, or their ability to bind to the several retinoid receptor subtypes, 
respectively, are described in published PCT Application No. WO 
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W093/1 1755 (particularly on pages 30-33 and 37-41) published on June 24, 
1993, the specification of which is also incorporated herein by reference. A 
detailed experimental procedure for holoreceptor transactivations has been 
described by Heyman et al Cell 68, 397-406, (1992); Allegretto et al J. 
Biol. Chem. 268, 26625-26633, sndMangelsdorfet al. The Retinoids: 
Biology, Chemistry and Medicine, pp 319-349, Raven Press Ltd., New 
York, which are expressly incorporated herein by reference. The results 
obtained in this assay are expressed in EC 50 numbers, as they are also in the 
chimeric receptor transactivation assay. The results of the ligand 
binding assay are expressed in Kj numbers. (See Cheng et al Biochemical 
Pharmacology Vol. 22 pp 3099-3108, expressly incorporated herein by 
reference.) 

Efficacy in a transactivation assay is expressed as a percentage of the 
maximum potency attained by the compound compared to a standard which, 
in this case, is the compound named (2E, 4£ f 1 'S, 2 'S)- 3-methyl-5-[2'- 
methyl-2'-(5,5,8,8-teframethyl^ 

cyclopropyl]-penta-2,4-dienoic acid. This standard compound is described 
in United States Patent No. 6,1 14,533. 

The specification of this application for patent is organized in several 
sections in accordance with structural Formulas A through F each of 
which discloses a group of preferred compounds within the scope of the 
invention. Tables that disclose the activity of certain exemplary compounds 
of the invention in the above-described RXR receptor transactivation and 
binding assays are found in the corresponding sections. Generally 
speaking, in the chimeric receptor transactivation assay the compounds were 
essentially inactive in activating RARq, RARp and RARy receptors. The 
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transactivation data pertaining to the activation of RXR receptors were 
obtained in the holoreceptor assay. 

Generally speaking, in the tables disclosing the results of 
transactivation and binding assays the numbers in parentheses indicate 
efficacy as a percentage compared to the standard compound, (2E, 4E, 1 'S, 
2'S)- 3-methyl-5-[2'-methyl-2'-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydro- 
naphthalen-2-yl)-cyclopropyl]-penta-2,4-dienoic acid and the other numbers 
indicate the measured EC 50 and Kj in nanomolar concentration. 

An assay described below tests the effect of compounds of the 
invention on serum glucose, triglyceride and thyroxine levels in female 9-10 
weeks old db/db mice. 
Description of Assay. 

Female diabetic db/db (9-10 weeks old) mice were maintained on 
standard laboratory food and treated by oral gavage with vehicle (corn oil), 
standard compound (2E, 4E, 1 'S, 2'S)- 3-methyl-5-[2'-methyl-2'-(5,5,8,8- 
tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)-cyclopropyl]-penta-2,4- 
dienoic acid (5 mg/kg) or the test compound (5-100 mg/kg, as described in 
Table 2) daily for seven days at 8:00 AM. Blood samples (70 ul) were 
taken by orbital bleeding at 1 1 :00 AM on day 0 (pre-treatment), day 3, and 
day 6. On day 7, a blood sample (700 ul) was taken at 1 1:00 AM and the 
animals were sacrificed. Glucose, triglyceride and thyroxine (T4) levels 
were determined on a Boehringer Manheim Hatachi Clinical Chemistry 
Analyzer using standard protocols provided by the manufacturer and 
reagents that were supplied in commercially available kits (glucose and T4: 
Boehringer Manheim; triglycerides: Roche Diagnostics). Seven animals 
were treated in each group. As noted above, the specification of this 
application for patent is organized in several sections in accordance with 
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structural Formulas A through F each of which discloses a group of 
preferred compounds within the scope of the invention. Tables that disclose 
the activity of certain exemplary compounds of the invention in the above- 
described assay testing the effect of compounds of the invention on serum 
glucose, triglyceride and thyroxine levels are found in the corresponding 
sections. Any modification of the assay procedure, if applicable, is also 
indicated in the corresponding section. 

As the data in the tables below indicate the compounds of the invention not 
only cause significant decrease in serum glucose levels and maintain or 
reduce triglyceride levels in diabetic mammals but, in contrast with the prior 
art standard compound (2E, 4E, l'S, 2'S> S-methyl-S-P'-methyl^'- 
(5,5,8,8-tetramethyi-5,6,7,8-tetrahydro-naphthalen-2-yl)-cyclopropyl]- 
penta-2,4-dienoic acid, do not have the undesirable side effect of reducing 
serum thyroxine levels. 

MODES OF ADMINISTRATION, DOSING 
To treat diabetic mammals, including humans for the purpose of 
reducing serum glucose levels in said mammals a pharmaceutical 
composition containing one or more compound of the invention is 
administered to the mammal in daily doses in the range of 1 to 100 mg per 
kg body weight of the mammal. Preferably the daily dose is between 10 to 
50 mg per kg body weight of the mammal. 

Generally speaking the compounds of the invention are also useful for 
preventing or treating diseases and conditions that are responsive to 
compounds that promote the expression of or bind to receptors belonging to 
the steroid or thyroid receptor superfamily. More specifically the 
compounds of the invention can be used for preventing or treating 
skin-related diseases, including, without limitation, actinic keratoses, arsenic 
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keratoses, inflammatory and non-inflammatory acne, psoriasis, ichthyoses 
and other keratinization and hyperproliferative disorders of the skin, 
eczema, atopic dermatitis, Darriers disease, lichen planus, prevention and 
reversal of glucocorticoid damage (steroid atrophy), as a topical 
anti -microbial, as skin anti-pigmentation agents and to treat and reverse the 
effects of age and photo damage to the skin. The compounds are also useful 
for the prevention and treatment of metabolic diseases and for prevention 
and treatment of cancerous and precancerous conditions, including, 
premalignant and malignant hyperproliferative diseases such as cancers of 
the breast, skin, prostate, cervix, uterus, colon, bladder, esophagus, stomach, 
lung, larynx, oral cavity, blood and lymphatic system, metaplasias, 
dysplasias, neoplasias, leukoplakias and papillomas of the mucous 
membranes and in the treatment of Kaposi's sarcoma. In addition, the 
present compounds can be used as agents to treat diseases of the eye, 
including, without limitation, proliferative vitreoretinopathy (PVR), retinal 
detachment, dry eye and other corneopathies, as well as in the treatment and 
prevention of various cardiovascular diseases, including, without limitation, 
diseases associated with lipid metabolism such as dyslipidemias, prevention 
of post-angioplasty restenosis and as an agent to increase the level of 
circulating tissue plasminogen activator (TP A). Other uses for the 
compounds of the present invention include the prevention and treatment of 
conditions and diseases associated with Human papilloma virus (HPV), 
including warts and genital warts, various inflammatory diseases such as 
pulmonary fibrosis, ileitis, colitis and Krohn's disease, neurodegenerative 
diseases such as Alzheimer's disease, Parkinson's disease and stroke, 
improper pituitary function, including insufficient production of growth 
hormone, modulation of apoptosis, including both the induction of apoptosis 
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and inhibition of T-Cell activated apoptosis, restoration of hair growth, 
including combination therapies with the present compounds and other 
agents such as Minoxidil* diseases associated with the immune system, 
including use of the present compounds as immunosuppressants and 
immunostimulants, modulation of organ transplant rejection and facilitation 
of wound healing, including modulation of chelosis. 

To treat diabetes the compounds of this invention are preferably 
administered, orally. 

For the prevention or treatment of other diseases or conditions the 
compounds of the invention may be administered systemically or topically, 
depending on such considerations as the condition to be treated, need for 
site-specific treatment, quantity of drug to be administered, and numerous 
other considerations. Thus, in the treatment of dermatoses, it will generally 
be preferred to administer the drug topically, though in certain cases such as 
treatment of severe cystic acne or psoriasis, oral administration may also be 
used. Any common topical formulation such as a solution, suspension, gel, 
ointment, or salve and the like may be used. Preparation of such topical 
formulations are well described in the art of pharmaceutical formulations as 
exemplified, for example, by Remington's Pharmaceutical Science, Edition 
17, Mack Publishing Company, Easton, Pennsylvania. For topical 
application, these compounds could also be administered as a powder or 
spray, particularly in aerosol form. If the drug is to be administered 
systemically, it may be confected as a powder, pill, tablet or the like or as a 
syrup or elixir suitable for oral administration. For intravenous or 
intraperitoneal administration, the compound will be prepared as a solution 
or suspension capable of being administered by injection. In certain cases, 
it may be useful to formulate these compounds by injection. In certain 
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cases, it may be useful to formulate these compounds in suppository form or 
as extended release formulation for deposit under the skin or intramuscular 
injection. 

Other medicaments can be added to such topical formulation for such 
secondary purposes as treating skin dryness; providing protection against 
light; other medications for treating dermatoses; medicaments for 
preventing infection, reducing irritation, inflammation and the like. 

Treatment of dermatoses or any other indications known or 
discovered to be susceptible to treatment by retinoic acid-like compounds 
will be effected by administration of the therapeutically effective dose of 
one or more compounds of the instant invention. A therapeutic 
concentration will be that concentration which effects reduction of the 
particular condition, or retards its expansion. In certain instances, the 
compound potentially may be used in prophylactic manner to prevent onset 
of a particular condition. 

A useful therapeutic or prophylactic concentration will vary from 
condition to condition and in certain instances may vary with the severity of 
the condition being treated and the patient's susceptibility to treatment. 
Accordingly, no single concentration will be uniformly useful, but will 
require modification depending on the particularities of the disease being 
treated. Such concentrations can be arrived at through routine 
experimentation. However, it is anticipated that in the treatment of, for 
example, acne, or similar dermatoses, that a formulation containing between 
0.01 and 1.0 milligrams per milliliter of formulation will constitute a 
therapeutically effective concentration for total application. If administered 
systemically, an amount between 1 and 50 mg per kg of body weight per 
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day would be expected to effect a therapeutic result in the treatment of many 
diseases for which these compounds are useful. 

SPECIFIC EMBODIMENTS OF THE COMPOUNDS OF THE 

INVENTION 

Referring now to Formula 1, in the preferred compounds of the 
invention the variable Y represents O (chromene derivatives) or Y is 
[C(R 3 ) 2 ] 0 where o represents the integer one (1) (dihydronaphthalene 
derivatives). Even more preferably when the compounds are 
dihydronaphthalene derivatives, then Y represents C(CH 3 ) 2 . 

Referring now to the variable group (A) m , in the presently preferred 
compounds of the invention (A) m represents a geminal dimethyl group when 
Y is O (chromene derivatives). When the compounds are 
dihydronaphthalene derivatives then in the preferred compounds m is zero 
(0). 

In the preferred compounds of the invention the group (E) n either 
represents a single halogen or alkyl substituent in the 8-position of 
chromenes, or in the 4-position of dihydronaphthalenes, as applicable, or the 
variable n is zero (0), that is, there is no E substituent. 

Referring now to the variable W, it is preferred as an alkyl group of 1 
to 6 carbons, or phenyl. Alkyl groups of 1 to 4 carbons are even more 
preferred, and in several preferred compounds of the invention W represents 
a branch-chained alkyl group of 3 or 4 carbons. 

The variable Z preferably represents an alkyl group of 1 to 4 carbons. 

Referring now to the variable G, in the preferred compounds of the 
invention G represents an alkyl group of 1 to 4 carbons, even more 
preferably an alkyl group of 1 to 3 carbons. 
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The variable J in the 7-position of the heptatrienoic acid moiety is 
preferably fluoro (F) or hydrogen (H). In the 3 position of the heptatrienoic 
acid moiety the variable J preferably represents an alkyl group, even more 
preferably methyl. 

The presently preferred configurations E or Z (cis or trans) relative to 
the olephinic bonds are shown in the structures of the exemplary 
compounds. 

The presently most preferred compounds of the invention are shown 
below in Sections A through F by general Formulas A through F, and the 
syntheses of these preferred compounds is also described below in detail. 
SECTION A OF SPECIFIC EMBODIMENTS 



R 1 R 2 




C0 2 R 4 

Formula A 

Formula A discloses a specific class of preferred and exemplary 
compounds of the invention. In Formula A: 

R represents alkyl of 1 to 8 carbons, more preferably alkyl of 1 to 4 

carbons, and most preferably alkyl of 1 to 2 carbons; 

R 1 represents alkyl of 1 to 8 carbons, more preferably alkyl of 1 to 4 

carbons, and most preferably alkyl of 1 to 3 carbons; 

R 2 represents alkyl of 1 to 8 carbons, more preferably alkyl of 1 to 4 

carbons, and most preferably alkyl of 1 to 2 carbons; 
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R4 represents H, alkyl of 1 to 6 carbons, CH 2 OR 5 or CH 2 OCOR 5 where R 5 is 
alkyl of 1 to 3 carbons, and 

X represents H or halogen, more preferably H or CI, or a pharmaceutical^ 
acceptable salt of said compound. 

The synthetic schemes and the experimental procedures for obtaining 
compounds within the scope of Formula A are provided below 





Br 

OR 



S0 2 CI 2 



4, R = Me 

5, R = Et 

6, R = iPr 





Br R-MgX; H+ ( ^\_^^Br 

OR ^O^Y^OR 

X 

4, R = Me, X = H 12 (R =Me ' Rl=Me - X = H ) 

5, R = Et, X = H 13 (R =Me, R 1 =Et, X = H) 
9, R = Me, X =C! 14 (R =Me, R 1 =/Pr, X = H) 

1 1 ?:R = ilr.X = a 15(R=Me.R^ U .X = H, 

16.(R=Et,R 1 =Et,X = H) 

17 (R =Et, R 1 =Me, X = H) 

18 (R =Et, R 1 =/Pr, X = H) 
19(R=Me. R 1 =/Pr,X = CI) 

20 (R =Et, R 1 =/Pr, X = CI) 

21 (R = iPr.R 1 =/Pr, X = CI 
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PdCI 2 (dppf), KOAc, 



OR 



13 (R =Me, R 1 =Et, X = H) 

14 (R =Me, R 1 =/Pr, X = H) 

16 (R =Et, R 1 =Et, X = H) 

17 (R =Et, R 1 =Me, X = H) 

18 (R =Et, R 1 =/Pr, X = H) 

19 (R =Me, R 1 =/Pr, X = CI) 

20 (R =Et, R 1 =/Pr,X = CI) 



2) 



R 2 

J^Ofc 



PdCl2(dppf)?DMF 
2M Na 2 C0 3 , 




1) TPAP, NMO 

2 ) O | 
(OEt)2P^A^ C0 2Et 



n-BuLi 




22 (R =Me. R 1 =Et, R 2 =Me, X = H) 

23 (R =Me, R 1 =/Pr, R 2 =Me, X = H) 

24 (R =Me, R 1 =/Pr, R 2 =Et, X = H 

25 (R =Et, R 1 =Et, R 2 =Me, X = H) 

26 (R =Et, R 1 =Me, R 2 =Et, X = H) 

27 (R =Et, R 1 =/Pr, R 2 =Me, X = H) 

28 (R =Et, R 1 =/Pr, R 2 =Et, X = H) 

29 (R =Me, R 1 =Pr, R 2 =Me, X = CI) 

30 (R =Et, R 1 =/Pr,R 2 =Me, X = CI) 

31 (R =Et, R 1 =/Pr, R 2 =Et, X = CI) 

R 2 



C0 2 Et 



32 (R =Me, R 1 =Et, R 2 =Me, X = H) 

33 (R =Me, R 1 =/Pr, R 2 =Me, X = H) 

34 (R =Me, R 1 =/Pr, R 2 =Et, X = H 

35 (R =Et, R 1 =Et, R 2 =Me ( X = H) 

36 (R =Et, R 1 =Me, R 2 =Et, X = H) 

37 (R =Et, R 1 =Pr, R 2 =Me, X = H) 

38 (R =Et, R 1 =/Pr, R 2 =Et. X = H) 

39 (R =Me, R 1 =/Pr, R 2 =Me, X = CI) 

40 (R =Et, R 1 =/Pr,R 2 =Me, X = CI) 

41 (R =Et, R 1 =Pr, R 2 =Et, X = CI) 



C0 2 H 



42 (R =Me, R 1 =Et, R 2 =Me, X = H) 

43 (R =Me, R 1 =/Pr, R 2 =Me, X = H) 

44 (R =Me, R 1 =/Pr, R 2 =Et, X=H 

45 (R =Et, R 1 =Et, R 2 =Me, X = H) 

46 (R =Et, R 1 =Me, R 2 =Et, X = H) 

47 (R =Et, R 1 =Pr, R 2 =Me, X = H) 

48 (R =Et t R 1 =/Pr, R 2 =Et, X = H) 

49 (R =Me, R 1 =/Pr, R 2 =Me, X = CI) 

50 (R =Et, R 1 =Pr,R 2 =Me, X = CI) 

51 (R =Et, R 1 =/Pr, R 2 =Et, X = CI) 



7-Methox y-2,2-dimethvl-chroman-4' : one (Compound 1). A mixture of 3- 
methoxyphenol (5.00 g, 40.3 mmol) and 3,3-dimethylacrylic acid (4.03 g, 
40.3 mmol) were ground in a mortar. The mixture was then added portion- 
wise into polyphosphoric acid (8 g) at 90 °C. After stirring at 90 °C for 30 
min, the reaction mixture was quenched with ice, then extracted with diethyl 
ether. The organic layers were washed with water, brine, and dried over 
Na 2 S0 4 . The filtered solvent was concentrated in vacuo and purified by 
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column chromatography (silica gel, 10% ethyl acetate in hexane) to give the 
title compound as a yellow solid. 

l U NMR (300 MHz, CDC1 3 ): 5 1.41 (s, 6H), 2.82 (s, 2H), 3.80 (s, 3H), 6.39 
(d, J= 2.3 Hz, 1H), 6.55 (dd, J= 2.6, 8.8 Hz, 1H), 7.80 (d, J= 8.8 Hz, 1H). 
6-Bromo-7-methoxv-2,2-dimethyl-chroman-4-one (Compound 2). To 
a solution of 7-methoxy-2,2-dimethyl-chroman-4-one (Compound 1, 5.81 g, 
28.2 mmol) in anhydrous N, A^dimethylformamide (15 mL) under argon at 
25 °C was added iV-bromosuccinimide (5.02 g, 33.8 mmol). The mixture 
was stirred at ambient temperature for 12 h. The product was extracted with 
diethyl ether. The organic layers were washed with water, brine, and dried 
over Na 2 S0 4 . The filtered solvent was concentrated in vacuo and purified by 
column chromatography (silica gel, 5% ethyl acetate in hexane) to give the 
title compound as a white solid. 

! H NMR (300 MHz, CDC1 3 ): 5 1.46 (s, 6H), 2.65 (s, 2H), 3.91 (s, 3H), 6.41 
(s, 1H), 8.03 (s, 1H). 

6-Bromo-7-hvdroxv-2,2-dimethvl-chroman-4-one (Compound 3). 

A mixture of 4-bromoresorcinol (5.00 g, 26.5 mmol) and 3,3- 
dimethylacrylic acid (2.64 g, 26.5 mmol) were ground in a mortar. The 
mixture was then added portion- wise into polyphosphoric acid (8 g) at 90 
°C. After stirred at 90 °C for 15 min, the reaction mixture was cooled to 
room temperature and quenched with water.. The mixture was then 
extracted with diethyl ether The organic layer was separated, washed with 
water, brine , dried (MgS04) and concentrated at reduced pressure to give a 
yellow residue. Purification by recrystallization (methanol and water) 
afforded the title compound as a yellow solid. 

] H NMR (300 MHz, CDC1 3 ): 5 8.02 (s, 1H), 6.58 (s, 1H), 5.93 (s, 1H), 2.68 
(s,2H), 1.46 (s, 6H). 
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6-Bromo- 7-methoxv-2,2-dimethvl-chroman-4-one (Compound 4). 
General Procedure A 

To a solution of 6-bromo-7-hydroxy-2,2-dimethyl-chroman-4-one 
(Compound 3, 2.00 g, 7.4 mmol) in acetone (100 mL) were added 
potassium carbonate (500 mg) and iodomethane (5.22 g, 36.8 mmol). The 
mixture was then heated to reflux for 2 h. After cooling to room 
temperature, water was added to the mixture until all solids dissolved. The 
resulting solution was then extracted with diethyl ether, washed with brine, 
dried (MgS04) and concentrated at reduced pressure to give a yellow 
residue. Purification by flash chromatography (silica gel, 95:5 hexane/ethyl 
acetate) gained the title compound as a white solid. 

! H NMR (300 MHz, CDC1 3 ): 5 8.03 (s, 1H), 6.41 (s, 1H), 3.91 (s, 3H), 2.65 
(s,2H), 1.46 (s, 6H). 

6-Bromo-7-ethoxv-2.2-dimethvl-chroman-4-one (Compound 5) 

As described in General Procedure A, 6-bromo-7-hydroxy-2,2- 
dimethyl-chroman-4-one (Compound 3, 2.0 g, 7.35 mmol) was treated with 
potassium carbonate (500 mg) and iodoethane (1.5 mL, 18.75 mmol) to give 
rise to the title compound as a white solid after purification by flash 
chromatography (silica gel, 5 % ethyl acetate in hexanes). 
*H NMR (300 MHz, CDC1 3 ): 5 8.04 (s, 1H), 6.38 (s, 1H), 4. 1 1 (q, J = 6.9 
Hz, 2H), 2.66 (s, 2H), 1.49 (t, J = 6.9 Hz, 3H), 1.45 (s, 6H). 
6-Bromo-7-isopropox y-2.2-dimethvl-chroman-4-one (Compound 6) As 
described in General Procedure A, 6-bromo-7-hydroxy-2,2-dimethyl- 
chroman-4-one, (Compound 3, 1.0 g, 3.8 mmol) in acetone (50 mL) was 
treated with anhydrous potassium carbonate (2.1 g, 14.9 mmol) and 2- 
iodopropane (0.7 mL, 7.5 mmol) to give the title compound as a white solid 
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after purification by flash chromatography (silica gel, 10% ethyl acetate in 
hexanes). 

! H NMR (300 MHz, CDC1 3 ): 5 8.03 (s, 1H), 6.39 (s, 1H), 4.59 (sept, J = 5.9 

Hz, 1H) 2.66 (s, 2H), 1.45 (s, 6H), 1.41 (d, J = 5.9 Hz, 6H). 

Trifluoro-methanesulfonic acid 6-bromo-7-methoxy-2.2-dimethvl-2#- 

chromen-4-yl ester (Compound 7) 

To a solution of 6-bromo-7-methoxy-2,2-dimethyl-chroman-4-one 

(Compound 2, 1.00 g, 3.52 mmol) in 20 mL of anhydrous dichloromethane 
under argon at 25 °C was added trifluoromethanesulfonic anhydride (2.38 g, 
8.45 mmol) and 2,6-di-ter/-butyl-4-methyl-pyridine (1.08 g, 5.28 mmol). 
The mixture was heated to 45 °C for 2 h. The mixture was then cooled to 25 
°C and quenched with water. The product was extracted with 
dichloromethane. The organic layers were washed with water, brine, and 
dried over Na 2 S0 4 . The filtered solvent was concentrated in vacuo and 
purified by column chromatography (silica gel, 5% ethyl acetate in hexane) 
to give the title compound as a red oil. 

1 HNMR(300MHz,CDCl 3 ):5 1.51 (s, 6H), 3.87 (s, 3H), 5.51 (s, 1H), 6.44 
(s, 1H), 7.37 (s, 1H). 

6-Bromo-7-methoxv-2.2-dimethvl-4-phenvl-2^-chromene (Compound 8) 
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A solution of trifluoro-methanesulfonic acid 6-bromo-7-methoxy-2,2- 
dimethyl-2//-chromen-4-yl ester (Compound 7, 2.14 g, 5.30 mmol) in 35 
raL of anhydrous toluene was first degassed by bubbling with argon for 15 
min. Phenylboronic acid (650 mg, 5.30 mmol), potassium carbonate (1.47 g, 
10.6 mmol), lithium chloride (632 mg, 14.8 mmol), and 
tetrakis(triphenylphosphine)palladium(0) (270 mg, 0.53 mmol) were added. 
After stirring at 90 °C for 12 h, the mixture was cooled to room temperature 
and quenched with water. The product was extracted with ethyl acetate. The 
organic layer was washed with water, brine, and dried over Na 2 S0 4 . The 
filtered solvent was concentrated in vacuo and purified by column 
chromatography (silica gel, 5% ethyl acetate in hexane) to give the title 
compound as a foam. 

! HNMR (300 MHz, CDC1 3 ): 5 1.49 (s, 6H), 3.86 (s, 3H), 5.51 (s, 1H), 6.50 
(s, 1H), 7.15 (s, 1H), 7.38 (m, 5H). 

6~Bromo-8-chloro-7-methoxv-2.2-dimethyl-chroman-4-one (Compound 9) 
General Procedure B 

To a solution of 6-bromo-7-methoxy-2,2-dimethyl-chroman-4-one 
(Compound 4, 2.80 g, 9.8 mmol) in methylene chloride (50 mL) at 0 °C 
were added sulfuryl chloride (1.59 g, 1 1.7 mmol) followed by treatment 
with pyridine (0.87 g, 1 1.7 mmol). After stirring at 0 °C and slow warming 
room temperature over 3 h, the reaction was quenched with ice water. The 
resulting mixture was extracted with dichloromethane and then the 
combined organic layers were washed with water and brine, dried (MgS0 4 ), 
filtered, and concentrated under reduced pressure. The crude residue was 
purified by flash chromatography (silica gel, 95:5 hexane/ethyl acetate) to 
afford the title compound as a colorless oil. 
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'H NMR (300 MHz, CDC1 3 ) 8 8.01 (s, 1H), 3.92 (s, 3H), 2.73 (s, 2H), 1.51 
(s, 6H). 

6-Bromo-8-chloro-7- ethoxv-2.2-dimethvl-chroman-4-one (Compound 10) 

Following General Procedure B, 6-bromo-7-ethoxy-2,2-dimethyl- 
chroman-4-one (Compound 5, 2.8 g, 9.33 mmol) and sulfuryl chloride 
(1.51 g, 1 1.2 mmol) in dichloromethane were reacted to yield the title 
compound as a colorless oil. 

'H NMR (300 MHz, CDC1 3 ): 5 7.99 (s, 1H), 4.16 (q, J = 6.9 Hz, 2H), 2.73 
(s,2H), 1.47-1.52 (m,9H). 

6-Bromo-8-chloro-7-isopropoxv-2.2-dimethvl-chroman-4-one (Compound 
11) 

Following General Procedure B, 6-bromo-7-isopropoxy-2,2- 
dimethyl-chroman-4-one, (Compound 6, 2.2 g, 7.0 mmol) and sulfuryl 
chloride (0.84 mL, 10.5 mmol) in dichloromethane were reacted to yield the 
title compound as white trapezoidal plates after recrystallization from 
hexanes. 

*H NMR (300 MHz, CDC1 3 ): 8 7.90 (s, 1H), 4.72 (sept, J = 6.2 Hz, 1H) 2.66 
(s, 2H), 1.44 (s, 6H), 1.32 (d, J = 6.2 Hz, 6H). 

6-Bromo-7-methoxv-2.2.4-trimethvl-2//-chromene (Compound 12) 
General Procedure C 

A solution of methylmagnesium bromide (3.0 M in THF, L67 mL, 
5.0 mmol) was added slowly into a solution of 6-bromo-7-methoxy-2,2- 
dimethyl-chroman-4-one (Compound 4, 710 mg, 2.5 mmol) in 10 mL of 
THF at -30 °C. The mixture was stirred and warmed to 10 °C for 2h. The 
reaction mixture was quenched with 10% HC1 and extracted with ethyl 
acetate. The combined organic layers were washed with a saturated solution 
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of NH4CI, dried (MgS0 4 ) and concentrated at reduced pressure to give a 
crude oil, which was then dissolved in 10 mL of dichloromethane and 
cooled to 0 °C with an ice bath. To this solution was added p- 
toluenesulfonic acid (100 mg). After stirring for 3 h at 0 °C, the reaction 
mixture was quenched with water, extracted with dichloromethane, washed 
with brine, dried (MgS0 4 ) and concentrated at reduced pressure to give a 
colorless oil. Purification by flash chromatography (silica gel, 95:5 
hexane/ethyl acetate) gave the title compound as a colorless oil. 
'H NMR (300 MHz, CDC1 3 ): 8 7.26 (s, 1H), 6.42 (s, 1H), 5.30 (s, 1H), 3.85 
(s, 3H), 1.95 (s, 3H), 1.38 (s, 6H). 

6-Bromo-4 -ethyl-7-methoxv-2.2-dimethvl-2^-chromene (Compound 13) 
Following General Procedure C, ethylmagnesium bromide (2.0 M in 
THF, 4.7 mL, 14.08 mmol) was added to a solution of 6-bromo-7-methoxy- 
2,2-dimethyl-chroman-4-one (Compound 4, 800 mg, 2.81 mmol) in THF. 
The crude alcohol was treated with p-toluenesulfonic acid to afford the title 
compound as a colorless oil. 

'H NMR (300 MHz, CDC1 3 ): 5 7.28 (s, 1H), 6.42 (s, 1H), 5.27 (s, 1H), 3.82 
(s, 3H), 2.30 (q, J = 7.2 Hz, 2H), 1.38 (s, 6H), 1.12 (t, J = 7.2 Hz, 3H). 

6-Bromo -4-isopropyl-7^methoxv-2.2-dimethvl-2^-chromene (Compound 
14) 

Following General Procedure C, isopropylmagnesium chloride (2.0 
M in THF, 6.1 mL, 21.3 mmol) was added to a solution of 6-bromo-7- 
methoxy-2,2-dimethyl-chroman-4-one (Compound 4, 700 mg, 2.46 mmol) 
in THF. The crude alcohol was treated with p-toluenesulfonic acid to afford 
the title compound as a colorless oil. 

! H NMR (300 MHz, CDC1 3 ): 5 7.33 (s, 1H), 6.43 (s, 1H), 5.28 (s, 1H), 3.84 
(s, 3H), 2.70-2.79 (m, 1H), 1.38 (s, 6H), 1.13 (d, J = 9.0 Hz, 6H). 
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6-Bromo-4-tert-butvl-7-methoxv-2.2-dimethvl-2^-chromene (Compound 
15) 

Following General Procedure C, tert-butylmagnesium chloride (1.0 
M in THF, 45.5 mL, 45.5 mmol) was added to a solution of 6-bromo-7- 
methoxy-2,2-dimethyl-chroman-4-one (Compound 4, 2.6 g; 9.1 mmol) in 
THF. The crude alcohol was treated with jo-toluenesulfonic acid to afford 
the title compound as a colorless oil. 

'H NMR (300 MHz, CDC1 3 ): 5 7.69 (s, 1H), 6.45 (s, 1H), 5.39 (s, 1H), 3.84 
(s, 3H), 1.36 (s, 6H), 1.28 (s, 9H). 

6-Bromo-4-ethyl-7-ethoxv-2.2-dimethvl-2ff-chromene (Compound 16) 

Following General Procedure C, ethylmagnesium bromide (3.0 M in 
THF, 7.04 mL, 21.1 mmol) was added to a solution of 6-bromo-7-ethoxy- 
2,2-dimethyl-chroman-4-one (Compound 5, 1.2 g, 4.2 mmol) in THF. The 
crude alcohol was treated with />-toluenesulfonic acid to afford the title 
compound as a colorless oil. 

J H NMR (300 MHz, CDC1 3 ): 5 7.21 (s, 1H), 6.40 (s, 1H), 5.27 (s, 1H), 4.08 
(q, J = 7.2 Hz, 2H), 2.30 (q, J = 7.2 Hz, 2H), 1.38 (s, 6H), 1.12 (t, J = 7.2 
Hz, 3H), 0.89 (t, J = 7.2 Hz, 3H). 

6-Bromo-4-methvl-7-ethoxv-2.2-dimethvl-2i/-chromene (Compound 17) 
Following General Procedure C, methylmagnesium chloride (3 M in 
THF, 1.38 mL, 4.14 mmol) was added to a solution of 6-bromo-7-ethoxy- 
2,2-dimethyl-chroman-4-one (Compound 5, 588 mg, 2.07 mmol) in THF. 
The crude alcohol was treated with />-toluenesulfonic acid to afford the title 
compound as a colorless oil. 

'H NMR (300 MHz, CDC1 3 ): 5 7.29 (s, 1H), 6.41 (s, 1H), 5.28 (s, 1H), 4.04 
(q, J = 7.2 Hz, 2H), 1.81 (s, 3H), 1.41 (s, 6H), 1.36 (t, J = 7.2 Hz, 3H). 
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6-Bromo-7 -ethoxv-4-isoproDvl-2.2-dimethvl-2//-chromene (Compound 18) 

Following General Procedure C, isopropylmagnesium chloride (2.0 
M in THF, 3.3 mL, 6.6 mmol) was added to a solution of 6-bromo-7- 
ethoxy-2,2-dimethyl-chroman-4-one (Compound 5, 1.0 g, 3.3 mmol) in 
THF. The crude alcohol was treated with /?-toluenesulfonic acid to afford 
the title compound as a colorless oil. 

'H NMR (300 MHz, CDC1 3 ): 5 7.28 (s, 1H), 6.31 (s, 1H), 5.21 (s, 1H), 3.99 
(s, 3H), 3.99 (q, J = 7.5 Hz, 2H), 2.61-2.70 (m, 1H), 1 .36 (t, J = 7.5 Hz, 3H), 
1 .34 (s, 6H), 1 .05 (d, J = 6.9 Hz, 6H). 

6-Bromo-8-chloro- 4-isopropvl-7-methoxv-2.2-dimethvl-2/r-chromene 
(Compound 19) 

Following General Procedure C, isopropylmagnesium chloride (2.0 
M in THF, 3.15 mL, 6.29 mmol), 6-bromo-8-chloro-7-methoxy-2,2- 
dimethyl-chroman-4-one (Compound 9, 400 mg, 1.26 mmol) and 1,3- 
dimethyl-3,4,5,6-tetrahydro-2(/i^-pyrimidinone (DMPU, 2 mL) in THF 
was reacted then quenched with 10 % HC1, andstored at room temperature 
for 12 h. Purification by flash chromatography (silica gel, 95:5 hexane/ethyl 
acetate) afforded the title compound as a yellow oil. 

'H NMR (300 MHz, CDC1 3 ): 5 7.27 (s, 1H), 5.43 (s, 1H), 3.89 (s, 1H), 2.79- 
2.82 (m, 1H), 1.43 (s„ 6H), 1.14 (d, J = 6.8 Hz, 6H). 

6-Bromo- 8-chloro-4-isopropvl-7-ethoxv-2.2-dimethvl-2/7-chromene 
(Compound 20) 

Following General Procedure C, isopropylmagnesium chloride (2.0 
M in THF, 1 1 mL, 22 mmol), 6-bromo-8-chloro-7-ethoxy-2,2-dimethyl- 
chroman-4-one (Compound 10, 1.5 g, 4.5 mmol), and l,3-dimethyl-3,4,5,6- 
tetrahydro-2(//0-pyrimidinone (DMPU, 2.6 mL) in THF was reacted then 
quenched with 10 % HC1, and stored at room temperature for 12 h. 
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Purification by flash chromatography (silica gel, 95:5 hexane/ethyl acetate) 
gained the title compound as a yellow oil. 

! H NMR (300 MHz, CDC1 3 ): 5 7.27 (s, 1H), 5.42 (s, 1H), 4.09 (q, J = 7.0 
Hz, 2H), 2.79-2.82 (m, 1H), 1.45-1.48 (m, 9H), 1.14 (d, J = 6.8 Hz, 6H). 

6-Bromo-8-chloro-7-isoproDoxv-4- isoproDvl-2.2-dimethvl-2/7-chromene 
(Compound 21) 

Following General Procedure C, isopropylmagnesium chloride (2.0 
M in THF, 18.8 mL, 37.6 mmol), 6-bromo-8-chloro-7-isopropoxy-2,2- 
dimethyl-chroman-4-one, (Compound 11, 2.6 g, 7.5 mmol) and 1,3- 
dimethyl-3,4,5,6-tetrahydro-2(7//)-pyrimidinone (DMPU, 4.5 mL, 37.6 
mmol) in THF was reacted to afford the title compound as a yellow oil after 
purification by flash chromatography (silica gel, 5% to 10% ethyl acetate in 
hexanes). 

! H NMR (300 MHz, CDC1 3 ): 5 7.27 (s, 1H), 5.39 (s, 1H), 4.65 (sept, J = 6.4 
Hz, 1H), 2.73 (sept, J = 6.6 Hz, 1H), 1.40 (s, 6H), 1.35 (d, J = 6.4 Hz, 6H), 
1.10 (d, J = 6.6 Hz, 6H). 

(2Z)-3- (4-Ethyl-7-methoxv-2.2-dimethvl-2^-chromen-6-vn-hut-?-e7i-1-n1 
(Compound 22) General Procedure D 

A solution of 6-bromo-4-ethyl-7-methoxy-2,2-dimethyl-2i7-chromene 
(Compound 13, 200 mg, 0.67 mmol), bis(pinacolato)diboron (254 mg, 1.0 
mmol), and potassium acetate (198 mg, 2.0 mmol) in N,N- 
dimethylformamide (10 mL) was purged with argon for 15 min. The 
reaction mixture was then treated with [1,1 '-bis(disphenylphosphino)- 
ferrocene]dichloropalladium(II) (1:1 complex with dichloromethane, 50 mg) 
and purged with argon for another 5 min. The reaction was continuously 
stirred at 80 °C for 4 days under argon. After the reaction was cooled to 
room temperature, the boronic ester mixture was treated with 3-iodo-but- 
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2E-en-l-ol (U.S. Patent No. 6,147,224, 266 mg, 1.34 mmol), [1,1'- 
bis(disphenylphosphino)ferrocene]dichloropalladium(II) (1:1 complex with 
dichloromethane, 50 mg) and 2 M sodium carbonate (1.3 mL, 2.6 mmol) in 
A^iV-dimethylformamide (2 mL). After heating the reaction mixture to 50 
°C for 24 h, the mixture was cooled to room temperature and extracted with 
ethyl acetate. The combined organic layers were washed with brine, dried 
over Na 2 S0 45 and concentrated in vacuo. Purification by flash column 
chromatography (silica gel, 10 to 20 % ethyl acetate in hexane) yielded the 
title compound as a yellow solid. 

l R NMR (300 MHz, CDC1 3 ): 5 6.82 (s, 1H), 6.41 (s, 1H), 5.65-5.71 (m, 1H), 
5.26 (s, 1H), 3.89 (d, J = 7.5 Hz, 2H), 3.75 (s, 3H), 2.34 (q, J = 7.2 Hz, 2H), 
2.00 (s, 3H), 1.32 (s, 6H), 1.20 (t, J = 7.2 Hz). 

(2Z)-3-r4-Isopropvl-7-methoxv-2,2-dimethvl-2//-chromen-6-vl)-but--2-en--l- 
ol (Compound 23) 

As described by General Procedure D, 6-bromo-4-isopropyl-7- 
methoxy-2,2-dimethyl-2/7-chromene (Compound 14, 138 mg, 0.45 mmol), 
bis(pinacolato)diboron (173 mg, 0.68 mmol), and potassium acetate (133 
mg, 1.35 mmol) in A^TV-dimethylformamide was treated with [1 5 T- 
bis(disphenylphosphino)-ferrocene]dichloropalladium(II) (1:1 complex with 
dichloromethane, 50 mg) to give rise to the corresponding boronic ester. 
The crude mixture was treated with 3-iodo-but-2E-en-l-ol (178 mg, 0.90 
mmol) to yield the title compound as a yellow solid after purification by 
flash column chromatography (silica gel, 10 to 20 % ethyl acetate in 
hexane). 

J H NMR (300 MHz, CDC1 3 ): 5 6.95 (s, 1H), 6.42 (s, 1H), 5.70-5.80 (m, 1H), 
5.26 (s, 1H), 3.90 (d, J = 6.9 Hz, 2H), 3.76 (s, 3H), 2.73-2.82 (m, 1H), 2.03 
(s, 3H), 1.39 (s, 6H), LI 1 (d, J = 6.9 Hz, 6H). 
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f2Z)-3-f4-Isopropyl-7-meth^ 

l-ol (Compound 24) 

As described by General Procedure D, 6-bromo-4-isopropyl-7- 
methoxy-2 5 2-dimethyl-2/f-chromene (Compound 14, 83 mg, 0.27 mmol), 
bis(pinacolato)diboron (102 mg, 0.40 mmol), and potassium acetate (80 mg, 
0.81 mmol) in N, A^-dimethylformamide was treated with 
bis(disphenylphosphino)-ferrocene]dichloropalladium(II) (1:1 complex with 
dichloromethane, 50 mg) to give rise to the corresponding boronic ester. 
The crude mixture was treated with 3-iodo-pent-2E-en-l-ol {Synthesis, 
1995, 47, 128 mg, 6.6 mmol) to yield the title compound as a yellow solid 
after purification by flash column chromatography (silica gel, 10 to 20 % 
ethyl acetate in hexane). 

l H NMR (300 MHz, CDC1 3 ): 5 6.85 (s, 1H), 6.41 (s, 1H), 5.70-5.80 (m, 1H), 
5.23 (s, 1H), 4.01 (d, J = 7.0 Hz, 2H), 3.90 (q, J = 7.5 Hz, 2H), 2.70-2.81 
(m, 1H), 2.01 (s, 3H), 1.39 (s, 6H), 1.30 (t, J = 7.5 Hz, 3H), 1,13 (d, J = 6.9 
Hz, 6H). 

(2Z)-3-(7-Ethoxv-4-ethyl-2.2-dimethvl-2iy-chromen-6- vl)-but-2-en- 1 -ol 
(Compound 25) 

As described by General Procedure D, 6-bromo-4-ethyl-7-methoxy- 
2,2-dimethyl-2//-chromene (Compound 16, 355 mg, 1.14 mmol), 
bis(pinacolato)diboron (402 mg, 1.70 mmol), and potassium acetate (336 
mg, 3.42 mmol) in A^TV-dimethylformamide was treated with [1,1'- 
bis(disphenylphosphino)-ferrocene]dichloropalladium(II) (1:1 complex with 
dichloromethane, 60 mg) to give rise to the corresponding boronic ester. 
The crude mixture was treated with 3-iodo-but-2E-en-l-ol (U.S. Patent No. 
6,147,224, 451 mg, 2.28 mmol) to yield the title compound as a yellow solid 
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after purification by flash column chromatography (silica gel, 20 % ethyl 
acetate in hexane). 

! H NMR (300 MHz, CDC1 3 ): 5 6.85 (s, 1H), 6.29 (s, 1H), 5.60-5.70 (m, 1H), 
5.19 (s, 1H), 4.01 (d, J = 7.0 Hz, 2H), 3.90 (q, J = 7.5 Hz, 2H), 2.27 (q, 7.5 
Hz, 2H), 1.96 (s, 3H), 1.32 (s, 6H), 1.32 (s, 6H), 1.01 (t, J = 7.5 Hz, 3H). 
(2Z)-3-(7~EthoxV"2,2,4-1rimethvl-27/-chromen-6-vl)-pent-2-en-- 1 -ol 
(Compound 26) 

As described by General Procedure D, 6-bromo-4-methyl-7-methoxy- 
2,2-dimethyI-2i7-chromene (Compound 17, 58 mg, 0.24 mmol), 
bis(pinacolato)diboron (93 mg, 0.36 mmol), and potassium acetate (54 mg, 
0.55 mmol) in N, N-dimethylformamide was treated with [1,1 
bis(disphenyiphosphino) ferrocene] dichloropalladium(II) (1:1 complex with 
dichloromethane, 20 mg) to give rise to the corresponding boronic ester. 
The crude mixture was treated with 3-iodo-pent-2E-en-l-ol (95 mg, 0.48 
mmol) to yield the title compound as a yellow solid after purification by 
flash column chromatography (silica gel, 10 to 20 % ethyl acetate in 
hexane). 

*H NMR (300 MHz, CDC1 3 ): 5 6.76 (s, 1H), 6.31 (s, 1H), 5.60-5.70 (m, 1H), 
5.21 (s, 1H), 4.01 (q, J = 7.5 Hz, 2H), 3.82 (d, J = 7 Hz, 2H), 2.21-2.38 (m, 
2H), 1.98 (s, 3H), 1.36 (s, 6H) 1.30 (t, J - 7.5 Hz, 3H), 0.89 (t, J = 7.5 Hz, 
3H). 

(2Z)-3-(7-Ethoxv-4-isopropvl-2,2-dimethvl-2// L chromen-6-YD-but-2-en-l- 
ol (Compound 27) 

As described by General Procedure D, 6-bromo-7-ethoxy-4- 
isopropyl^^-dimethyl-^^T-chromene (Compound 18, 274 mg, 0.85 mmol), 
bis(pinacolato)diboron (325 mg, 1.30 mmol), and potassium acetate (255 
mg, 2.6 mmol) in iV^dimethylformamide was treated with [1,1'- 
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bis(disphenylphosphino)-ferrocene]dichloropalladium(II) (1:1 complex with 
dichloromethane, 50 mg) to give rise to the corresponding boronic ester. 
The crude mixture was treated with 3-iodo-but-2E-en-l-ol (335 mg, 1.68 
mmol) to yield the title compound as a yellow solid after purification by 
flash column chromatography (silica gel, 10 to 20 % ethyl acetate in 
hexane). 

l H NMR (300 MHz, CDC1 3 ): 5 6.82 (s, 1H), 6.33 (s, 1H), 5.60-5.78 (m, 1H), 
5.17 (s, 1H), 4.28 (d, J = 6.6 Hz, 2H), 3.98 (q, J = 7.0 Hz, 2H), 3.66 (s, 3H), 
2.66-2.76 (m, 1H), 2.01 (s, 3H), 1.39 (s, 6H), 1.30 (t, J = 7.5 Hz, 3H), 1.13 
(d, J = 6.9 Hz, 6H). 

(2Z)-3-(7-Ethoxv-4-isopropvl-2,2-dimethyl-2//-chromen~6-vl)-pent-2-en-l- 

ol (Compound 28) 

As described by General Procedure D, 6-bromo-7-ethoxy-4- 

isopropyl-2,2-dimethyl-2/7-chromene (Compound 18, 130 mg, 0.40 mmol), 
ibis(pinacolato)diboron (152 mg, 0.60 mmol), and potassium acetate (118 
mg, 1.2 mmol) in JV,Af-dimethylformamide was treated with [1 ? 1 5 - 
bis(disphenylphosphino)-ferrocene]dichloropalladium(II) (1:1 complex with 
dichloromethane, 50 mg) to give rise to the corresponding boronic ester. 
The crude mixture was treated with 3-iodo-pent-2E-en-l-ol (170 mg, 0.80 
mmol) to yield the title compound as a yellow solid. 
J H NMR (300 MHz, CDC1 3 ): 5 6.74 (s, 1H), 6.33 (s, 1H), 5.66-5.71 (m, 
1H), 5.19 (s, 1H), 3.92 (q, J = 7.0 Hz, 2H), 3.82 (d, J = 7.2 Hz, 2H), 2.66- 
2.75 (m, 1H), 2.28 (q, J = 7.5 Hz, 2H), 1.33 (s, 6H), 1.27 (t, J = 7.0 Hz, 3H), 
1.06 (d, J = 6.9 Hz, 6H), 0.98 (t, J = 7.5 Hz, 3H). 

r2Z)-3-(8-Chloro-4-isopropvl-7-methoxv-2,2-dimethvl-2//-chromen-6-vlV 
but-2-en-l-ol (Compound 29) General Procedure E 
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To a solution of 6-bromo-8-cMoro-4-isopropyl-7-methoxy-2,2- 
dimethyl-2#-chromene (Compound 19, 334 mg, 0.97 mmol) in THF (25 
mL) at -78 °C tert-butyllithium (1.7 M inpentane, 1.1 mL, 1.93 mmol) was 
added dropwise. After stirring for 30 min, trimethyl borate (0.2 mL, 1.93 
mmol) was added. The reaction mixture was slowly warmed to room 
temperature and stirred for 2 h. The reaction mixture was quenched with a 
saturated solution of NH 4 C1 and extracted with diethyl ether. The combined 
organic layers were washed with water and brine, dried (MgS0 4 ), filtered 
and concentrated under reduced pressure. The crude boronic acid was 
treated with 3-iodo-but-2E-en-l-ol (334 mg, 1.93 mmol), 2 M sodium 
carbonate (2 mL), and tetrakis(triphenylphosphine)palladium (0) (30 mg) in 
toluene (10 mL) and methanol (1 mL). The reaction mixture was degassed 
via bubbling argon for 5 min. After heating to 100 °C for 6 h, the black 
solution was cooled to room temperature and quenched with a saturated 
solution of NH 4 C1 and extracted with diethyl ether. The combined organic 
layers were washed with water and brine, dried (MgS0 4 ), filtered and 
concentrated under reduced pressure. Purification of the residue by flash 
chromatography (silica gel, 5 % to 20 % ethyl acetate in hexanes) gave rise 
to the title compound as a brown oil. 

*H NMR (300 MHz, CDC1 3 ): 5 6.82 (s, 1H), 5.79-5.85 (m, 1H), 5.40 (s, 1H), 
3.87-3.90 (m, 2H), 3.74 (s, 3H), 2.74-2.84 (m, 1H), 2.08 (s, 3H), 1.45 (s, 
6H),i.l4(d, J = 7.1 Hz, 6H). 

(2Z)-3-(8-Chloro-4-isopropvl-7-ethoxv-2,2-dimethvl-2i7-chromen-6-vlV 
but-2-en-l-ol (Compound 30) 

As described by General Procedure E, 6-bromo-8-chloro-4-isopropyl- 
7-ethoxy-2,2-dimethyl-2#-chromene (Compound 20, 364 mg, 1.01 mmol) 
was treated with tert-butyllithium (1.7 M in pentane, 1.2 mL, 2.02 mmol) 
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and trimethyl borate (0.2 mL, 2.02 mmol) to give rise to the boronic acid. 
The crude mixture was treated with 3-iodo-but-2E-en-l-ol (400 mg, 2. 02 
mmol), tetrakis(triphenylphosphine)palladium(0) (30 mg), and sodium 
carbonate (2M solution in water, 2 mL) to yield the title compound as a 
brown oil. 

! H NMR (300 MHz, CDC1 3 ): 5 6.82 (s, 1H), 5.80-5.85 (m, 1H), 5.40 (s, 1H), 
3.86-3.94 (m, 4H), 2.74-2.84 (m, 1H), 2.08 (s, 1H), 1.45 (s, 6H), 1.37 (t, J = 
7.2 Hz, 3H), 1.14 (d, J = 7.2 Hz, 6H). 

(2Z)-3-(8-Chloro-4-isopropvl-7-ethoxv-2,2-dimethyl-2i/-chromen-6-vl)- 
pent-2-en-l-ol (Compound 31) 

As described by General Procedure E, 6-bromo-8-chloro-4-isopropyl- 
7-ethoxy-2,2-dimethyl-2#-chromene (Compound 20, 1.30 g, 3.61 mmol) 
was treated with tert-butyllithium (1 .7 M in pentane, 6.4 mL, 10.8 mmol) 
and trimethyl borate (1.2 mL, 10.8 mmol) to give rise to the boronic acid. 
The crude mixture was treated 3-iodo-pent-2E-en-l-ol (1.0 g, 1.08 mmol), 
tetrakis(triphenylphosphine)palladium(0) (100 mg), and sodium carbonate 
(2M solution, 5 mL) to yield the title compound as a brown oil. 
l H NMR (300 MHz, CDC1 3 ): 5 6.80 (s, 1H), 5.79-5.82 (m, 1H), 5.40 (s, 1H), 
3.87-3.94 (m, 4H), 2.73-2.83 (m, 1H), 2.36 (q, J = 7.0 Hz, 2H), 1.45 (s, 6H), 
1.36 (t, J = 7.0 Hz, 3H), 1.00-1.14 (m, 9H). 

Ethyl 7-r4-ethvl-7-methoxv-2,2-dimethvl-2iy-chromen-6-Yl)-3-methvl-octa- 
2E.4E.6Z-trienoate (Compound 32) General Procedure F 

A solution of (2Z)-3-(4-ethyl-7-methoxy-2,2-dimethyl-2/f-chromen- 
6-yl)-but-2-en-l-ol (Compound 22, 118 mg, 0.41 mmol), 4 A molecular 
sieves (100 mg), and dichloromethane (5 mL) was treated with 
tetrapropylaramonium perruthenate (5 mg) and 4-methylmorpholine N- 
oxide (102 mg, 0.84 mmol). The solution was stirred under argon for 30 min 
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and filtered through a silica gel plug (20% ethyl acetate in hexanes). The 
filtrate was concentrated under vacuum to give the corresponding aldehyde. 

A solution of n-butyllithium (1.6 M in hexanes, 0.78 mL, 1.96 mmol) 
was added over 10 min down the side of the flask to a -78°C solution of 
ethyl 4-(diethoxyphosphoryl)-3-methylbut-2E-enoate (545 mg, 2.0 mmol), 
l,3-dimethyl-3,4,5,6-tetrahydro-2(7^)-pyrimidinone (DMPU, 3 mL) and 
THF (6 mL). After 10 min, a solution of the above aldehyde in THF (1 mL) 
was added, and the resulting solution was warmed to 0 °C and stirred until 
the reaction was completed (< 2 h). The mixture was diluted with water, and 
the product was extracted with diethyl ether. The combined ether extracts 
were washed with brine, and dried over MgS0 4 , and filtered. The solvent 
was removed under reduce pressure, and the residue was purified by flash 
column chromatography (silica gel, 2% ethyl acetate in hexanes) to produce 
the title compound as a yellow oil. 

'H NMR (300 MHz, CDC1 3 ): 5 6.84 (s, 1H), 6.54 (dd, J = 10.5, 15.0 Hz, 
1H), 6.44(s, 1H), 6.19-6.25 (m,2H), 5.71 (s, 1H), 5.28 (s, 1H), 4.15(q, J = 
7.0 Hz, 2H), 3.76 (s, 3H), 2.33 (q, J = 7.0 Hz, 2H), 2.12 (s, 3H), 1.42 (s, 
6H), 1.26 (t, J = 7.0 Hz, 3H), 1.12 (t, J = 7.0 Hz, 3H), 1.09 (s, 3H). 

Eth y l 7-(4-isopropyl-7-methoxv-2.2-dimethvl-2/7-chromen-6-vn-3-methv1- 
octa-2E.4E.6Z-trienoate (Compound 33) 

As described in General Procedure F, 3-(4-isopropyl-7-methoxy-2,2- 

dimethyl-2/Achromen-6-yl)-but-2-en-l-ol (Compound 23, 66 mg, 0.22 

mmol), tetrapropylammonium perruthenate (50 mg) and 4- 

methylmorpholine N-oxide (52 mg, 0.44 mmol) were reacted to produce the 

corresponding aldehyde. A solution of the resulting aldehyde in THF was 

added to the ylide of ethyl 4-(diethylphosphoryl)-3-methylbut-2Z-enoate 

(204 mg, 1 .00 mmol), in THF and DMPU to produce the title compound as 

600 64 PA 17626 



43 



a yellow oil after purification by flash column chromatography (silica gel, 2 
% ethyl acetate in hexanes). 

'H NMR (300 MHz, CDC1 3 ): 5 6.89 (s, 1H), 6.45 (dd, J = 10.5, 1 5.0Hz, 1H), 
6.37 (s, 1H), 6.12-6.20 (m, 2H), 5.64 (s, 1H), 5.20 (s, 1H), 4.07 (q, J = 7.0 
Hz, 2H), 3.70 (s, 3H), 2.67-2.70 (m, 1H), 2.05 (s, 3H), 2.04 (s, 3H), 1.34 (s, 
6H), 1.20 (t, J = 7.0 Hz, 3H), 1.04 (d, J = 7.0 Hz, 6H), 0.81 (t, J = 7.0 Hz, 
3H). 

Ethvl 7-r4-isopropvl-7-methoxv-2.2-dimethvl- 2//-chromen-6-vl)-3-methyl- 

nona-2E.4E. 6Z-trienoate (Compound 34) 

As described in General Procedure F, 3-(4-isopropyl-7-methoxy-2,2- 
dimethyl-2#-chromen-6-yl)-pent-2-en-l-ol (Compound 24, 62 mg, 0.20 
mmol), tetrapropylammonium perruthenate (5 mg) and 4-methylmorpholine 
N-oxide (46 mg, 0.39 mmol) were reacted to produce the corresponding 
aldehyde. A solution of the resulting aldehyde in THF was added to the 
ylide of ethyl 4-(diethylphosphoryl)-3-methylbut-2Z-enoate (233 mg, 0.88 
mmol) to produce the title compound as a yellow oil after purification by 
flash column chromatography (silica gel, 2 % ethyl acetate in hexanes). 
! H NMR (300 MHz, CDC1 3 ): 5 6.85 (s, 1H), 6.49 (dd, J = 10.5, 15.0 Hz, 
1H), 6.46 (s, 1H), 6.10-6.24 (m, 2H), 5.70 (s, 1H), 5.26 (s, 1H), 4.07 (q, J = 
7.2 Hz, 2H), 3.70 (s, 3H), 2.67-2.74 (m, 1H), 2.42 (q, J = 7.2 Hz, 2H), 2.05 
(s, 3H), 2.03 (s, 3H), 1.38 (s, 6H), 1.20 (t, J = 7.0 Hz, 3H), 1.05 (d, J = 6.0 
Hz, 6H), 0.85 (t, J = 7.2 Hz, 3H). 

Kthvl7-r7-ethoxv-4-ethvl-2.2-dimethvl-2//-chro men-6-vl)-3-methyl-octa- 

2E.4E.6Z-trienoate (Compound 35) 

As described in General Procedure F, 3-(7-ethoxy-4-ethyl-2,2- 
dimethyl-2/^chromen-6-yl)-but-2-en-l-ol (Compound 25, 55 mg, 0.18 
mmol), tetrapropylammonium perruthenate (5 mg) and 4-methylmorpholine 
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N-oxide (50 mg, 0.36 mmol) were reacted to produce the corresponding 
aldehyde. A solution of the resulting aldehyde in THF was added to the 
ylide of ethyl 4-(diethylphosphoryl)-3-methylbut-2Z-enoate (159 mg, 0.60 
mmol) to produce the title compound as a yellow oil after purification by 
flash column chromatography (silica gel, 2 % ethyl acetate in hexanes). 
'H NMR (300 MHz, CDC1 3 ): 5 6.85 (s, 1H), 6.55 (dd, J = 10.5, 15 Hz, 1H), 
6.50-6.58 (m, 2H), 6.41 (s, 1H), 5.71 (s, 1H), 5.27 (s, 1H), 4.14 (q, J = 7.0 
Hz, 2H), 3.98 (q, J = 7.0 Hz, 2H), 2.33 (q, J = 7.0 Hz, 2H), 2.14 (s, 3H), 
1.42 (s, 6H), 1.35 (t, J = 7.0 Hz, 3H), 1.26 (t, J = 7.0 Hz, 3H), 1.12 (t, J = 7.0 
Hz, 3H). 

Ethvl 7-r7-ethoxv-2.2.4-trimethvl-2i/-chromen-6-vl)-3-methvl-nona- 
2E.4E. 6Z-trienoate (Compound 36) 

As described in General Procedure F, 3-(7-ethoxy-2,2,4-trimethyl- 
2ff-chromen-6-yl)-pent-2-en- 1 -ol (Compound 26, 37 mg, 0.16 mmol), 
tetrapropylammonium perruthenate (3 mg) and 4-methylmorphoiine N- 
oxide (2 1 mg, 0.20 mmol) were reacted to produce the corresponding 
aldehyde. A solution of the resulting aldehyde in THF was added to the 
ylide of ethyl 4-(diethylphosphoryl)-3-methylbut-2Z-enoate (204 mg, 1.0 
mmol) to produce the title compound as a yellow oil after purification by 
flash column chromatography (silica gel, 2 % ethyl acetate in hexanes). 
*H NMR (300 MHz, CDCI3): 5 6.80 (s, 1H), 6.55 (dd, J = 10.5, 15.0 Hz, 
1H), 6.10-6.20 (m, 2H), 6.40 (s, 1H), 5.66 (s, 1H), 5.28 (s, 1H), 4.16 (q, J = 
7.2 Hz, 2H), 4.01 (q, J = 7.2 Hz, 2H), 2.43-2.50 (q, 2H, J = 7.2 Hz), 2.10 (s, 
3H), 1.95 (s, 3H), 1.41 (s, 6H), 1.30 (s, 3H), 1.25 (t, J = 7.2 Hz, 3H), 0.96 (t, 
J = 7.5 Hz, 3H). 

Ethvl 7-r7-ethoxv-4-isopropvl-2.2-dimethvl-2iy-chromen-6-vl)-3-methvl- 
octa-2E.4E.6Z-trienoate (Compound 37) 
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As described in General Procedure F, 3-(7-ethoxy-4-isopropyl-2,2- 
dimethyl-2i/-chromen-6-yl)-but-2-en-l-ol (Compound 27, 57 mg, 0.18 
mmol), tetrapropylammonium perruthenate (5) and 4-methylmorpholine N- 
oxide (44 mg, 0.36 mmol) were reacted to produce the corresponding 
aldehyde. A solution of the resulting aldehyde in THF was added to the 
ylide of ethyl 4-(diethylphosphoryl)-3-methylbut-2Z-enoate (238 mg, 0.90 
mmol) to produce the title compound as a yellow oil after purification by 
flash column chromatography (silica gel, 2% ethyl acetate in hexanes). 
*H NMR (300 MHz, CDC1 3 ): 5 6.87 (s, 1H), 6.55 (dd, J = 10.5 Hz, 15 Hz, 
1H), 6.41 (s, 1H), 6.10-6.20 (m, 2H), 5.70 (s, 1H), 5.25 (s, 1H), 4.10 (q, J = 
7.2 Hz, 2H), 3.96 (q, J = 7.2 Hz, 2H), 2.64-2.76 (m, 1H), 2.07 (s, 3H), 2.04 
(s, 3H), 1.39 (s, 6H), 1.30 (t, J = 7.2 Hz, 3H), 1.25 (d, J = 7.2 Hz, 6H), 1.10 
(d, J = 6.6 Hz, 6H). 

Ethyl 7-(7-ethoxv-4-isopropvl-2.2-dimethvl-2if-chromen-6-vl)-3-methyl- 
nona-2E,4E. 6Z-trienoate (Compound 38) 

As described in General Procedure F, 3-(7-ethoxy-4-isopropyl-2,2- 
dimethyl-2i7-chromen-6-yl)-pent-2-en-l-ol (Compound 28, 25 mg, 0.08 
mmol), tetrapropylammonium perruthenate (5 mg) and 4-methylmorpholine 
N-oxide (19 mg, 0.16 mmol) were reacted to produce the corresponding 
aldehyde. A solution of the resulting aldehyde in THF was added to the 
ylide of ethyl 4-(diethylphosphoryl)-3-methylbut-2Z-enoate (101 mg, 0.38 
mmol) to produce the title compound as a yellow oil after purification by 
flash column chromatography (silica gel, 2 % ethyl acetate in hexanes). 
! H NMR (300 MHz, CDC1 3 ): 5 6.85 (s, 1H), 6.50 (dd, J = 10.5, 15.0 Hz, 
1H), 6.41 (s, 1H), 6.10-6.20 (m, 2H), 5.70 (s, 1H), 5.21 (s, 1H), 4.11 (q, J = 
7.0 Hz, 2H), 3.95 (q, J = 7.0 Hz, 2H), 2.64-2.75 (m, 1H), 2.40 (q, J = 7.0 Hz, 
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2H), 2.06 (s, 3H), 1.38 (s, 6H), 1.30 (t, J = 7.0 Hz, 3H), 1.1 1 (d, J = 6.6 Hz, 
6H), 0.87 (t, J - 7.0 Hz, 3H). 

Ethyl 7-(8-chloro-4-isopropvl-7-methoxv-2.2-dimethvl-2/f-chromen-6-vlV 
3-methvl-octa-2E.4E.6Z-trienoate (Compound 39) 

As described in General Procedure F, 3-(8-chloro-4-isopropyl-7- 
methoxy-2,2-dimethyl-2//-chromen-6-yl)-but-2-en-l-ol (Compound 29, 73 
mg, 0.21 mmol), tetrapropylammonium perruthenate (10 mg) and 4- 
methylmorpholine N-oxide (57 mg, 0.43 mmol) were reacted in acetonitrile 
and dichloromethane to produce the corresponding aldehyde. A solution of 
the resulting aldehyde in THF was added to the ylide of ethyl 4- 
(diethylphosphoryl)-3-methylbut-2Z-enoate (230 mg, 0.87 mmol) to 
produce the title compound as a yellow oil after purification by flash 
column chromatography (silica gel, 10 % ethyl acetate in hexanes). 
'H NMR (300 MHz, CDC1 3 ): 5 6.82 (s, 1H), 6.44-6.52 (m, 1H), 6.21-6.28 
(m, 2H), 5.74 (s, 1H), 5.40 (s, 1H), 4. 16 (q, J = 7.0 Hz, 2H), 3.72 (s, 3H), 
2.74-2.84 (m, 1H), 2.16 (s, 3H), 2.10 (s, 3H), 1.45 (s, 6H), 1.27 (t, J = 7.0 
Hz, 3H), 1.14 (d, J = 6.8 Hz, 6H). 

Ethyl 7-r8-chloro-4-isopropvl-7-ethoxv-2.2-dimethvl-2/^-chromen-6-vn-3- 

methvl-octa-2E.4E.6Z-trienoate (Compound 40) 

As described in General Procedure F, 3-(8-chloro-4-isopropyl-7- 

ethoxy-2,2-dimemyl-2#-chromen-6-yl)-but-2-en-l-ol (Compound 30, 51 
mg, 0.15 mmol), tetrapropylammonium perruthenate (10 mg) and 4- 
methylmorpholine N-oxide (34 mg, 0.29 mmol) were reacted in acetonitrile 
and dichloromethane to produce the corresponding aldehyde. A solution of 
the resulting aldehyde in THF was treated with the ylide of ethyl 4- 
(diethylphosphoryl)-3-methylbut-2Z-enoate (151 mg, 0.57 mmol), in THF 
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and DMPU to produce the title compound as a white solid after purification 
by flash column chromatography (silica gel, 10 % ethyl acetate in hexanes). 
! H NMR (300 MHz, CDC1 3 ): 5 6.81 (s, 1H), 6.46-6.52 (m, 1H), 6.21-6.26 
(m, 2H), 5.74 (s, 1H), 5.40 (s, 1H), 4.16 (q, J = 7.0 Hz, 2H), 3.90 (q, J = 7.3 
Hz, 2H), 2.74-2.84 (m, 1H), 2.17 (s, 3H), 2.11 (s, 3H), 1.45 (s, 6H), 1.24- 
1.34 (m, 6H), 1.13 (d, J = 6.8 Hz, 6H). 

Ethvl 7-(8-chloro-4-isot>ropvl-7-ethoxv-2.2-dimethvl-2/f-chromen-6-vl)-3- 
methvl-nona-2E.4E,6Z-trienoate (Compound 41) 

As described in General Procedure F, 3-(8-chloro-4-isopropyl-7- 
ethoxy-2,2-dimethyl-2//-chromen-6-yl)-pent-2-en-l-ol (Compound 31, 699 
mg, 1.88 mmol), tetrapropylammonium perruthenate (20 mg) and 4- 
methylmorpholine N-oxide (440 mg, 3.76 mmol) were reacted in 
acetonitrile and dichloromethane to produce the corresponding aldehyde. A 
solution of the resulting aldehyde in THF was treated with the ylide of ethyl 
4-(diethylphosphoryl)-3-methylbut-2Z-enoate(2.0 g, 7.52 mmol), in THF 
and DMPU to produce the title compound as a white solid after purification 
by flash column chromatography (silica gel, 10 % ethyl acetate in hexanes). 
*H NMR (300 MHz, CDC1 3 ): 5 6.81 (s, 1H), 6.48-6.55 (m, 1H), 6.21-6.30 
(m, 2H), 5.74 (s, 1H), 5.40 (s, 1H), 4.16 (q, J = 7.0 Hz, 2H), 3.75-3.95 (m, 
2H), 2.74-2.83 (m, 1H), 2.42-2.55 (m, 2H), 2.12 (s, 3H), 1.45 (s, 6H), 1.21- 
1.36 (m, 6H), 1.14 (d, J = 6.8 Hz, 6H), 1.00 (d, J = 7.0 Hz, 3H). 
7-(4-Ethvl-7-methoxv-2.2-dimethvl-2//-chromen-6-vn-3-methvl-octa- 
2E.4E.6Z-trienoic acid (Compound 42) General Procedure G To a 
solution of ethyl 7-(4-ethyl-7-methoxy-2,2-dimethyl-2i/-chromen-6-yl)-3- 
methyl-octa-2E,4E,6Z-trienoate (Compound 32, 50 mg, 0.13 mmol) in 
ethanol (5 mL) and THF (2 mL) was added 1M NaOH (1.0 mL, 1 .0 mmol). 
The mixture was heated to 60 °C for 5h and was cooled to room 
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temperature, acidified with 1M HC1, and extracted with ethyl acetate. The 
organic layer was washed with brine, dried over Na 2 S0 4 , and concentrated 
in vacuo. The residue was purified by flash column chromatography (silica 
gel, 30% ethyl acetate in hexanes) followed by recrystallization from 
acetonitrile to give the title compound as a light yellow solid. 
] H NMR (300 MHz, CDC1 3 ): 5 6.85 (s, 1H), 6.56 (dd, J = 10.5, 15.0 Hz, 
1H), 6.44 (s, 1H), 6.1 1-6.26 (m, 2H), 5.73 (s, 1H), 5.28 (s, 1H), 3.79 (s, 3H), 
2.33 (q, J = 7.5 Hz, 2H), 2.13 (s, 3H), 2.12 (s, 3H), 1.43 (s, 6H), 1.12 (t, J = 
7.5 Hz, 3H). 

7-(4-Isopropyl-7-methoxv-2,2-dimethvl-2// : -chromen-6-vl)~3~methvl-octa- 
2E,4E,6Z-trienoic acid (Compound 43) 

Following General Procedure G, ethyl 7-(4-isopropyl-7-methoxy-2 5 2- 
dimethyl-2 J f/-chromen-6-yl)-3-methyl-octa-2E,4E,6Z-trienoate (Compound 
33, 60 mg, 0.15 mmol) was hydrolyzed with 1M NaOH. Purification by 
column chromatography (silica gel, 30% ethyl acetate in hexanes) followed 
by recrystallization from acetonitrile yielded the title compound as a yellow 
solid. 

! H NMR (300 MHz, CDC1 3 ): 5 6.87 (s, 1H), 6.57 (dd, J - 10.5, 15.0 Hz, 
1H), 6.45 (s, 1H), 6.10-6.26 (m, 2H), 5.73 (s, 1H), 5.28 (s, 1H), 3.77 (s, 3H), 
2.74-2.78 (m, 1H), 2.14 (s, 3H), 2.11 (s, 3H), 1.42 (s, 6H), 1.12 (d, J = 6.8 
Hz, 6H). 

7-(4-Isopropvl-7-methoxy--2,2-dimethvl-2//-chromen-6-vl)-3-methvl-nona- 
2E,4E,6Z-trienoic acid (Compound 44) 

Following General Procedure G, ethyl 7-(4-isopropyl-7-methoxy-2,2- 
dimethyl-2i7-chromen-6-yl)-3 -methyl-nona-2E,4E, 6Z-trienoate 
(Compound 34, 37 mg, 0.09 mmol) was hydrolyzed with 1M NaOH. 
Purification by column chromatography (silica gel, 30% ethyl acetate in 
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hexanes) followed by recrystallization from acetonitrile yielded the title 
compound as a light yellow solid. 

l H NMR (300 MHz, CDC1 3 ): 5 6.83 (s, 1H), 6.56 (dd, J = 10.5, 15.0 Hz, 
1H), 6.44 (s, 1H), 6.1 1-6.27 (m, 2H), 5.71 (s, 1H), 5.26 (s, 1H), 3.74 (s, 3H), 
2.68-2.78 (m, 1H), 2.44 (q, J = 7.5 Hz, 2H), 2.09 (s, 3H), 1.40 (s, 6H), 1.11 
(d, J = 6.8 Hz, 6H), 0.98 (t, J = 7.5 Hz, 3H). 

7-(7-Ethoxv-4-ethvl-2.2-dimethvl-2i/-chromen-6-vl)-3-methvl-octa- 
2E,4E,6Z-trienoic acid (Compound 45) 

Following General Procedure G, ethyl 7-(7-ethoxy-4-ethyl-2,2- 
dimethyl-2i7-chromen-6-yl)-3 -methyl-octa-2E,4E,6Z-trienoate (Compound 
35, 23 mg, 0.058 mmol) was hydrolyzed with 1M NaOH. Purification by 
column chromatography (silica gel, 30% ethyl acetate in hexanes) followed 
by recrystallization from acetonitrile gave rise to the title compound as a 
light yellow solid. 

! H NMR (300 MHz, CDC1 3 ): 6 6.85 (s, 1H), 6.62 (dd, J = 10.5, 15.0 Hz, 
1H), 6.42 (s, 1H), 6.20-6.25 (m, 2H), 5.73 (s, 1H), 5.28 (s, 1H), 4.01 (q, J = 
7.5 Hz, 2H), 2.33 (q, J = 7.5 Hz, 2H), 2.15 (s, 3H), 2.12 (s, 3H), 1.42 (s, 
6H), 1.33 (t, J = 7.5 Hz, 3H), 1.13 (t, J = 7.5 Hz, 3H). 
7-(7-Ethoxv-2,2,4-trimethvl-2//-chromen-6-vl)-3-methvl-nona-2E.4E.6Z- 
trienoic acid (Compound 46) 

Following General Procedure G, ethyl 7-(7-ethoxy-2,2,4-trimethyl- 
2JY-chromen-6-yl)-3-methyl-nona-2E,4E,6Z-trienoate (Compound 36, 33 
mg, 0.086 mmol) was hydrolyzed with 1M NaOH. Purification by column 
chromatography (silica gel, 30% ethyl acetate in hexanes) followed by 
recrystallization from acetonitrile gave rise to the title compound as a light 
yellow solid. 
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'H NMR (300 MHz, CDC1 3 ): 5 6.77 (s, 1H), 6.60 (dd, J = 10.5, 15.0 Hz, 
1H), 6.41 (s, 1H), 6.20-6.35 (m, 2H), 5.77(s, 1H), 5.23 (s, 1H), 3.99 (q, J = 
7.2 Hz, 2H), 2.46-2.49 (q, J = 7.2 Hz, 2H), 2.13 (s, 3H), 1.94 (s, 3H), 1.45 
(s, 6H), 1.32 (t, J = 7.5 Hz, 3H), 1.00 (t, J = 7.5 Hz, 3H). 
7-(7-Ethoxv-4-isopropyl-2,2-dimrt^ 
2E,4E,6Z-trienoic acid (Compound 47) 

Following General Procedure G, ethyl 7-(7-ethoxy-4-isopropyl-2,2- 
dimethyl-2/7-chromen-6-yl)-3-methyl-octa-2E,4E,6Z-trienoate (Compound 
37, 55 mg, 0.13 mmol) was hydrolyzed with 1M NaOH to yield the title 
compound as a yellow solid after purification by column chromatography 
(silica gel, 30% ethyl acetate in hexanes) followed by recrystallization from 
acetonitrile to yield the title compound as a light yellow solid. 
! H NMR (300 MHz, CDC1 3 ): 5 6.86 (s, 1H), 6.60 (dd, J = 10.5, 15.0 Hz, 
1H), 6.41 (s, 1H), 6.14-6.20 (m, 2H), 5.72 (s, 1H), 5.26 (s, 1H), 3.98 (q, J = 
7.0 Hz, 2H), 2.64-2.76 (m, 1H), 2.13 (s, 3H), 2.10 (s, 3H), 1.36 (s, 6H), 1.33 
(t, J = 7.0 Hz, 3H), 1 . 10 (d, J = 7.0 Hz, 6H). 

7-(7-ethoxv-4-isopropvl-2,2-dimethyl-2//-chromen-6-vl)-3-methyl-nona- 
2E,4E,6Z-trienoic acid (Compound 48) 

Following General Procedure G, ethyl 7-(7-ethoxy-4-isopropyl-2,2- 
dimethyl-2/f-chromen-6-yl)-3-methyl-nona-2E,4E,6Z-trienoate 
(Compound 38, 30 mg, 0.70 mmol) was hydrolyzed with 1M NaOH. 
Purification by column chromatography (silica gel, 30% ethyl acetate in 
hexanes) followed by recrystallization from acetonitrile gave rise to the title 
compound as a light yellow solid. 

l H NMR (300 MHz, CDCI3): 5 6.82 (s, 1H), 6.60 (dd, J = 10.5, 15.0 Hz, 
1H), 6.40 (s, 1H), 6.05-6.33 (m, 2H), 5.73 (s, 1H), 5.26 (s, 1H), 3.98 (q, J = 
7.0 Hz, 2H), 2.60-2.77 (m, 1H), 2.46 (q, J = 7.0 Hz, 2H), 2.26 (s, 3H), 1.37 
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(s, 6H), 1.32 (t, J = 7.0 Hz, 3H), 1.10 (d, J = 7.0 Hz, 6H), 0.87 (t, J = 7.0 Hz, 
3H). 

7-r8-Chloro-4-isopropvl-7-methoxv-2.2-dim ethvl-2i/-chromen-6-yl)-3- 
methvl-octa-2E.4E.6Z-trienoic acid (Compound 49) 

Following General Procedure G, ethyl 7-(8-chloro-4-isopropyl-7- 
methoxy-2,2-dimethyl-2i/-chromen-6-yl)-3-methyl-octa-2E,4E,6Z-trienoate 

(Compound 39, 53 mg, 0.12 mmol) was hydrolyzed with 1M NaOH. 
Purification by column chromatography (silica gel, 20% to 30% ethyl 
acetate in hexanes) followed by recrystallization from acetonitrile gave rise 
to the title compound as a light yellow solid. 

'HNMR (300 MHz, CDC1 3 ): 5 6.81 (s, 1H), 6.45-6.54 (m, 1H), 6.24-6.29 
(m, 2H), 5.76 (s, 1H), 5.41 (s, 1H), 3.72 (s, 3H), 2.74-2.84 (m, 1H), 2.17 (s, 
3H), 2.11 (s, 3H), 1.46 (s, 6H), 1.13 (d, J = 6.8 Hz, 6H). 
7-r8-Chloro-4-isopropvl-7-ethoxv-2.2-dimethv l-2i/-chromen-6-yl)-3- 

methvl-octa-2E.4E.6Z-trienoic acid (Compound 50) 

Following General Procedure G, ethyl 7-(8-chloro-4-isopropyl-7- 
ethoxy-2,2-dimethyl-2i7-chromen-6-yl)-3-methyl-octa-2E,4E,6Z-trienoate 

(Compound 40, 42 mg, 0.092 mmol) was hydrolyzed with 1M NaOH. 
Purification by column chromatography (silica gel, 25% ethyl acetate in 
hexanes) followed by recrystallization from acetonitrile gave rise to the title 
compound as a light yellow solid. 

'H NMR (300 MHz, CDC1 3 ): 5 6.81 (s, 1H), 6.44-6.52 (m, 1H), 6.24-6.28 
(m, 2H), 5.76 (s, 1H), 5.40 (s, 1H), 3.88 (q, J = 7.3 Hz, 2H), 2.74-2.84 (m, 
1H), 2.17 (s, 3H), 2.11 (s, 3H), 1.46 (s, 6H), 1.32 (t, J = 7.3 Hz, 3H), 1.13 
(d, J = 6.8 Hz, 6H). 

Ethvl 7-C8-chloro-4-isopropvl-7-ethoxv-2.2-di methvl-2i/-chromen-6-yl)-3- 
methvl-nona-7K 4E.6Z-trienoate (Compound 51) 
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Following General Procedure G, ethyl 7-(8-chloro-4-isopropyl-7- 
ethoxy-2,2-dimethyl-2/?-chromen-6-yl)-3-methyl-nona-2E,4E,6Z-trienoate 
(Compound 41, 296 mg, 0.63 mmol) was hydrolyzed with 1M NaOH. 
Purification by column chromatography (silica gel, 10% ethyl acetate in 
hexanes) followed by recrystallization from acetonitrile gave rise to the title 
compound as a light yellow solid. 

! H NMR (300 MHz, CDC1 3 ): 8 6.80 (s, 1H), 6.51-6.61 (m, 1H), 6.25-6.31 
(m, 2H), 5.76 (s, 1H), 5.41 (s, 1H), 3.86 (s, 2H), 2.74-2.84 (m, 1H), 2.45- 
2.55 (s, 2H), 2. 1 1 (s, 3H), 1 .46 (s, 6H), 1 .30 (t, J = 7.0 Hz, 3H), 1 . 13 (d, J = 
6.8 Hz, 6H), 1.01 (t, J = 7.3 Hz, 3H). 
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TABLE 1 

Receptor Transactivation. Efficacy and Binding Dat a for Exemplary 
Compounds of Formula A 



Compounc 
Number 


1 Structure 


RAR Trans. ECsn 
nM 

RAR Bind. Kj nM 


RXR Trans. ECsn 
nM 

RXR Bind K; nM 


a 3 y 


a 3 Y 


42 




fill 

C0 2 H 


NA 845 NA 
(34) 

8.9k 9.9k >10k 


6 55 13 
(99) (98) (125) 

49 228 ND 


43 




COzH 


13 57 NA 
(5) (37) 

243 378 2.5k 


2 16 3 
(89) (96) (95) 

6 78 ND 


44 




CO2H 


NA 75 NA 
(25) 

215 617 3.5k 


0.3 4.4 0.4 
(89) (94) (97) 

4 38 ND 


45 






«1 >lk NA 
(6) 

3 196 2.3k 


> I K 

343 

52 ND 


46 




— ^ 
CO2H 


NA 305 NA 
(6) 

623 614 3.4k 


>1k >1k >1k 
199 1.7k ND 


47 




COjH 


NA NA NA 

^ 3.9k ND 
k 


NA 288 NA 
(6) 

15 150 ND 


49 




NA 132 NA 
(12) 

1.0k 4.1k >10k 


0.1 0.9 0.3 
(93) (98) (97) 

2 20 ND 
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' 'coot- 


NA 


NA 


NA 


2 
\°°) 


19 

{Of) 


5 

(A 7\ 






738 


1.3k 


5.9k 


4 


76 


ND 


51 




NA 


NA 


NA 


9 
(25) 


88 
(26) 


22 
(13) 




COjH 


422 


1.4k 


4.9k 


13 


112 


ND 



TABLE 2 

In vivo Data (in ob/ob mice) for Exemplary Compounds of Formula A 



Treatment 


Glucose (mg/dl) 


Triglycerides (mg 


T4 


(dose) 








/dl) 


(Hg/dL) 




DayO 


Day 3, 


Day 6, 


DayO 


Day 3, 


Day 7 






3h 


3h 




3h 


Vehicle 


296 ± 


279 ± 


367 ± 


90 ±42 


98 ± 17 


3.8 ± 


(Control 


123 


97 


116 






0.3 


Diet) 














Standard 


246 ± 


107± 


136± 


92 ±41 


55 ±23 


0.8 ± 


compound 


49 


27 


28 






0.2 


(2.5 














mg/kg) 














Compound 


288 ± 


209 ± 


237 ± 


122 ± 


90 ±33 


4.5 ± 


50 


109 


72 


42 


72 




0.5 


(30 












mg/kg) 















In this in vivo assay, the drug was mixed in a control diet and fed to 
the animals over 7 days. The dose indicates the average amount of drug 
consumed by each animal per day. 

In this assay the transient hypertriglyceridemia caused by full RXR 
agonists is not observed when animals are dosed by this method. 
Hypothyroidism is the only observed toxicity of RXR full agonists in this 
assay. 

SECTION B OF SPECIFIC EMBODIMENTS 
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R 1 R 2 




C0 2 R 4 

Formula B 

Formula B discloses a specific class of preferred and exemplary 
compounds of the invention. In Formula B: 

R represents alkyl of 1 to 8 carbons, more preferably alkyl of 1 to 4 
carbons; 

R 1 represents phenyl, alkyl of 1 to 8 carbons, more preferably alkyl of 1 to 4 
carbons; 

R 2 represents alkyl of 1 to 8 carbons, more preferably alkyl of 1 to 4 

carbons, and most preferably alkyl of 1 to 2 carbons, and 

R4 represents H, alkyl of 1 to 6 carbons, CH 2 OR 5 or CH 2 OCOR 5 where R 5 is 

alkyl of 1 to 3 carbons, or a pharmaceutically acceptable salt of said 

compound. 

The synthetic schemes and the experimental procedures for obtaining 
compounds within the scope of Formula B are provided below. 
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Br 



OEt 
I 

Bu 3 SnC=CH 2 
PdCI 2 (PPh 3 ) 2 



O ^ "OR 
8, (R =Me, R 1 =Ph) 

13 (R =Me, R 1 =Et) 

14 (R =Me, R 1 =/Pr) 

15 (R =Me ( R 1 =f-Bu) 

16 (R =Et, R 1 =Et) 




"O ^ "OR 
52, (R =Me, R 1 =Ph) 

53 (R =Me, R 1 =Et) 

54 (R =Me, R 1 =/Pr) 

55 (R =Me, R 1 =f-Bu) 

56 (R =Et, R 1 =Et) 




Br 



OR 



1) f-BuLi; DMF 

2) RMaX 

3) TPAP, NMO 




12 (R -Me, R =Me) 

14 (R =Me, R 1 =/Pr) 

15 (R =Me, R 1 =f-Bu) 
17 (R =Et, R 1 =Me) 



57 (R =Me, R 1 =Me) 

58 (R =Me, R 1 =/Pr) 

59 (R =Me, R 1 =f-Bu) 

60 (R =Et, R 1 =Me) 




BBr, 



O OMe 
52, (R 1 =Ph) 
54 (R 1 =/Pr) 

( 




O ^ "OH 

61, (R 1 =Ph) 
62 (R 1 =/Pr) 



R-l, K 2 CQ 3 




63 (R =Et, R 1 =/Pr) 

64 (R =n-Pr, R 1 =/Pr) 

65 (R =n-Bu, R 1 =/Pr) 

66 (R =Et, R 1 =Ph) 

67 (R =n-Pr, R 1 =Ph) 
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53 (R =Me, R 1 =Et, R 2 =Me) 

54 (R =Me, R 1 =/Pr f R 2 =Me) 

55 (R =Me, R 1 =f-Bu, R 2 =Me) 

56 (R =Et, R 1 =Et, R 2 =Me) 

63 (R =Et, R 1 =/Pr, R 2 =Me) 

64 (R =/?-Pr, R 1 =/Pr, R 2 =Me) 

65 (R =n~Bu, R 1 =/Pr, R 2 =Me) 



66 (R =Et, R^Ph, R =Me) 

67 (R =n-Pr, R 1 =Ph, R 2 =Me) 

57 (R =Me, R1=Me, R 2 =Et) 

58 (R =Me, R1=iPr, R 2 =Et) 

59 (R =Me, R1=t-Bu, R 2 =Et) 

60 (R =Et, R1=Me, R 2 =Et) 



(OEt) 2 P^C0 2 Et 

F . 

LDA, THF 




C0 2 Et 



68 (R 

69 (R 

70 (R 

71 (R 

72 (R 

73 (R 

74 (R 

75 (R 

76 (R 

77 (R 

78 (R 

79 (R 

80 (R : 



=Me, R 1 =Et, R z =Me) 
=Me, R 1 =/Pr, R 2 =Me) 
=Me f R 1 =f-Bu, R 2 =Me) 
=Et, R 1 =Et, R 2 =Me) 
=Et, R 1 =/Pr, R 2 =Me) 
=n-Pr, R 1 =/Pr, R 2 =Me) 
=/7-Bu, R 1 =/Pr, R 2 =Me) 
=Et, R 1 =Ph, R 2 =Me) 
=n-Pr t R 1 =Ph, R 2 =Me) 
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l-r7-Methoxv-2.2-dimethvl-4-phenvl-2/r-chromen-6-vl-ethanone> 
(Compound 52) General Procedure H 

A solution of 6-bromo-7-methoxy-2,2-dimethyl-4-phenyl-2/f- 
chromene (Compound 8, 1.58 g, 4.60 mmol) in THF (8 mL) was first 
degassed by bubbling with argon for 15 min. To the solution tributyl(l- 
ethoxyvinyl)tin (3.10 mL, 9.19 mmol) and 

dichlorobis(triphenylphosphine)palladium(H) (322 mg) were added. After 
stirring at 80 °C for 12 h, the mixture was cooled to room temperature and 
10% HC1 (4 mL) was added. The resulting mixture was stirred at 25 °C for 
30 mm. The product was extracted with ethyl acetate. The organic layer was 
washed with water, brine, and dried over Na 2 S0 4 . The filtered solvent was 
concentrated in vacuo and purified by column chromatography (silica gel, 
5% ethyl acetate in hexane) to give the title compound as a yellow oil. 
! H NMR (300 MHz, CDC1 3 ): 5 1.50 (s, 6H), 1.14 (s, 3H), 2.52 (s, 3H), 3.90 
(s, 3H), 5.52 (s, 1H), 6.49 (s, 1H), 7.35 9m, 5H), 7.56 (s, 1H). 

l-r4-Ethvl-7-methoxv-2.2-dimethyl-2iy-chromen-6-vl>-ethanone 

(Compound 53) 

Following General Procedure H, a solution of 6-bromo-4-ethyl-7- 
methoxy-2,2-dimethyl-2#-chromene (Compound 13, 690 mg, 2.42 mmol) 
in THF was treated with tributyl(l-ethoxyvinyl)tin (1.74 g, 4.84 mmol) to 
give the title compound as a colorless oil after purification by flash 
chromatography (silica gel, 80:20 hexane/ethyl acetate). 
'HNMR(300MHz, CDC1 3 ): 5 7.75 (s, 1H), 6.31 (s, 1H), 5.26 (s, 1H), 3.82 
(s, 3H), 2.49 (s, 3H), 2.40 (q, J = 7.2 Hz, 2H), 1.40 (s, 6H), 1.10 (t, J = 7.2 
Hz, 3H). 

l-(4-Isopropyl-7-methoxv-2.2-dimethvl-2// : -chromen-6-vl)-ethanone 
(Compound 54) 
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Following General Procedure H, a solution of 6-bromo-4-isopropyl-7- 
methoxy-2,2-dimethyl-2#-cliroman-4-one (Compound 14, 290 mg, 0.94 
mmol) in THF was treated with tributyl(l-ethoxyvinyl)tin (0.63 mL, 1 .88 
mmol) to give the title compound as a colorless oil. 

'H NMR (300 MHz, CDC1 3 ): 5 1.11 (s, 3H), 1.14 (s, 3H), 1.40 (s, 6H), 2.59 
(s, 3H), 2.85 (m, 1H), 3.85 (s, 3H), 5.37 (s, 1H), 6.41 (s, 1H), 7.77 (s, 1H). 

l-(4-/e^Butyl-7-methoxv-2.2-diiT l et hvl-2^-chroTr l en-6-vn-ethanoTi ( > 
(Compound 55) 

Following General Procedure H, a solution of 6-bromo-4-ter/-butyl-7- 
methoxy-2,2-dimethyl-2i/-clm>mene (Compound 15, 280 mg, 0.86 mmol) 
in THF was treated with tributyl(l-ethoxyvinyl)tin (0.58 mL, 1.7 mmol) to 
give the title compound as a colorless oil. 

'H NMR (300 MHz, CDC1 3 ): 5 8.14 (s, 1H), 6.41 (s, 1H), 5.41 (s, 1H), 3.85 
(s, 3H), 2.56 (s, 3H), 1.37 (s, 6H), 1.29 (s, 9H). 

l-(7-Ethoxy-4-ethyl-2,2-dimethvl-2iy-chromen- 6-vn-ethanone (Compound 
56) 

Following General Procedure H, a solution of 6-bromo-4-ethyl-7- 
ethoxy-2,2-dimethyl-2#-chromene (Compound 16, 595 mg, 2.08 mmol) in 
THF was treated with tributyl(l-ethoxyvinyl)tin (1.50 g, 4. 17 mmol) to give 
the title compound as a yellow solid. 

'H NMR (300 MHz, CDCI 3 ): 8 7.66 (s, 1H), 6.29 (s, 1H), 5.24 (s, 1H), 4.03 
(q, J = 7.2 Hz, 2H), 2.5 1 (s, 3H), 2.35 (q, J = 7.2 Hz, 2H), 1 .33 (s, 6H), 1 .09 
(t, J = 7.2 Hz, 3H), 0.84 (t, J = 7.2 Hz, 3H). 

l-(7-Methoxy-2 1 2,4-trimethvl-2^-chrome n -6-vn-p rop fl n- 1 -on* (Compound 
57) General Procedure I 

A solution of tert-butyllithium (1.7 M in pentane, 1.7 mL, 4.4 mmol) 
was added to a solution of 6-bromo-7-methoxy-2,2,4-trimethyl-2/7- 
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chromene (Compound 12, 626 mg, 2.2 mmol) in THF (10 mL) at -78 °C. 
After stirring for 10 min, DMF (1 mL) was added and the mixture was 
allowed to warm to room temperature for 30 min. The reaction mixture was 
quenched with water, extracted with ethyl acetate, washed with brine, dried 
(MgS04) and concentrated at reduced pressure to give the corresponding 
aldehyde. The crude mixture was dissolved in THF (10 mL) and cooled to 0 
°C with an ice bath. To this solution ethylmagnesium bromide (2.0 M in 
THF, 2.2 mL, 4.4 mmol) was added and stirred at room temperature for 20 
min. The reaction mixture was quenched with water, extracted with ethyl 
acetate, washed with brine, dried (MgS04) and concentrated at reduced 
pressure to give the crude alcohol. To a solution of the residue in 
dichloromethane (10 mL) was added 4-methylmorpholine N-oxide (514 mg, 
4.4 mmol) and tetrapropylammonium perruthenate (5 mg). After stirring at 
room temperature for 10 min, the solvent was removed under reduced 
pressure and the residue Was purified by flash chromatography (silica gel, 
80:20 hexane/ethyl acetate) to obtain the title compound as a colorless oil. 
! H NMR (300 MHz, CDC1 3 ): 5 7.59 (s, 1H), 6.32 (s, 1H), 5.26 (s, 1H), 3.80 
(s, 3H), 2.90 (q, J = 7.2 Hz, 2H), 1.94 (s, 3H), 1.33 (s, 6H), 1.08(t,J=7.2 
Hz, 3H). 

l-r4-Isopropvl-7-meth oxv-2.2-dimethvl-2/f-chromen-6-vn-propan-l-one 
(Compound 58) 

Following General Procedure I, 6-bromo-4-isopropyl-7-methoxy-2,2- 
dimethyl-2//-chromene (Compound 14, 146 mg, 0.50 mmol) afforded the 
title compound as a colorless oil. 

'H NMR (300 MHz, CDC1 3 ): 5 7.76 (s, 1H), 6.40 (s, 1H), 5.30 (s, 1H), 3.86 
(s, 3H), 2.86-2.97 (m, 5H), 0.93-1 .40 (m, 6H). 
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l-(4-fe/Y-Butyl-7-methoxv-2.2-dime thvl-2/Achromen-6-v1 V p ropan- 1 -one 
(Compound 59) 

Following General Procedure I, 6-bromo-4-terf-butyl-7-methoxy-2,2- 
dimethyl-2#-chromene (Compound 15, 118 mg, 0,39 mmol) afforded the 
title compound as a colorless oil. 

! H NMR (300 MHz, CDC1 3 ): 5 8.09(s, 1H), 6.35 (s, 1H), 5.34 (s, 1H), 3.79 
(s, 3H), 2.91 (q, J = 7.2 Hz, 2H), 1.31 (s, 6H), 1.23 (s, 9H), 1.08 (t, J = 7.2 
Hz, 3H). 

l-(7-Ethoxy-2,2,4-trimeth vl-2/f-chrome n -6-vn-Drop an- 1 -o^r (Compound 
60) 

Following General Procedure I, 6-bromo-4-methyl-7-ethoxy-2,2- 
dimethyl-2//-chromene (Compound 17, 505 mg, 1.54 mmol) afforded the 
title compound as a yellow solid. 

} H NMR (300 MHz, CDC1 3 ): 5 7.61 (s, 1H), 6.28 (s, 1H), 5.21 (s, 1H), 4.04 
(q, J = 7.2 Hz, 2H), 2.85 (q, J= 7.2 Hz, 2H), 1.80 (s, 3H), 1.41 (s, 6H), 1.36 
(t, J = 7.2 Hz, 3H), 0.88 (t, J = 7.2 Hz, 3H). 

6-Bromo-2,2-dimethvl-4 -phenvl-2/7-chromen-7-ol (Compound 61) 
General Procedure J 

To a solution of 6-bromo-7-methoxy-2,2-dimethyl-4-phenyl-2tf- 
chromene (Compound 52, 992 mg, 3.22 mmol) in dichloromethane (20 
mL) under argon at 0 °C was added boron tribromide (1M in 
dichloromethane, 3.8 mL, 3.8 mmol). The mixture was stirred at 0 °C for 1 
h, then quenched with ice. The product was extracted with ethyl acetate. The 
organic layer was washed with water and brine, and dried over Na 2 S0 4 . The 
filtered solvent was concentrated in vacuo and purified by column 
chromatography (silica gel, 5% ethyl acetate in hexane) to produce the title 
compound as a white solid. 
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'H NMR (300 MHz, CDC1 3 ): 6 1.51 (s, 6H), 2.36 (s, 3H), 5.57 (s, 1H), 6.44 
(s, 1H), 7.34 (m, 6H), 12.7 (s, OH). 

l - (7-Hvdroxv-4-isopropvl-2.2-dimethvl-2i7-chromen-6-vlVethanone 
(Compound 62) 

As described in General Procedure J, a solution of l-(4-isopropyl-7- 
methoxy-2,2-dimethyl-2/Achromen-6-yl)-ethanone (Compound 54, 752 
mg, 2.43 mmol) in dichloromethane was treated with boron tribromide (1M 
in dichloromethane, 3.64 mL, 3.64mmol) to afford the title compound as a 
bright yellow oil. 

'H NMR (300 MHz, CDC1 3 ): 5 1.16 (s, 3H), 1.18 (s, 3H), 1.40 (s, 6H), 2.59 
(s, 3H), 2.80 (m, 1H), 5.40 (s, 1H), 6.40 (s, 1H), 7.50 (s, 1H), 12.6 (s, OH). 

l-(4-Is opropyl-7-ethoxv-2.2-dimethyl-2^-chromen-6-vn-ethanone 
(Compound 63) 

As described in General Procedure A, a solution of l-(7-hydroxy-4- 
isopropyl-2,2-dimethyl-2/f-chromen-6-yl)-ethanone (Compound 62, 205 
mg, 0.69 mmol) in acetone were added ethyl iodide (0.3 mL, 3.45 mmol) 
and potassium carbonate (476 mg, 3.45 mmol).to give rise to the title 
compound as a colorless oil alter purification by flash chromatography 
(silica gel, 5 % ethyl acetate in hexanes). 

! H NMR (300 MHz, CDC1 3 ): 5 1.1 1 (s, 3H), 1.14 (s, 3H), 1.40 (s, 6H), 1.45 
(t, J=6.9 Hz, 3H), 2.59 (s, 3H), 2.85 (m, 1H), 4.13 (q, J= 6.9 Hz, 2H), 5.31 
(s, 1H), 6.38 (s, 1H), 7.78 (s, 1H). 

l-(4-Isopropyl-2.2-dim ethvl-7-p ro poxv-2iy-chro men-6-vn-ethanone 
(Compound 64) 

Following General Procedure A, l-(7-hydroxy-4-isopropyl-2,2- 
dimethyl-2#-chromen-6-yl)-ethanone (Compound 62, 400 mg, 1.38 mmol) 
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and 1-iodopropane (0.70 mL, 6.90 mmol) were reacted to produce the title 
compound as a colorless oil. 

] H NMR (300 MHz, CDC1 3 ): 8 1 .08 (t, J=6.9 Hz, 3H), 1.11 (s, 3H), 1.14 (s, 
3H), 1.40 (s, 6H), 1.85 (m, 2H), 2.60 (s, 3H), 2.90 (m, 1H), 4.08 (q, J= 6.9 
Hz, 2H), 5.31 (s, 1H), 6.39 (s, 1H), 7.79 (s, 1H). 

l-(7-But oxv-4-isopropyl-2.2-dimethvl-2i/-chrom en-6-vn-eth a non f > 
(Compound 65) 

Following General Procedure A, l-(7-hydroxy-4-isopropyl-2,2- 
dimethyl-277-chromen-6-yl)-ethanone (Compound 62, 205 mg, 0.65 mmol) 
and 1-iodobutane (0.35 mL, 3.24 mmol) were reacted to produce the title 
compound as a yellow oil. 

'H NMR (300 MHz, CDC1 3 ): 5 1.00 (t, J=6.9 Hz, 3H), 1.11 (s, 3H), 1.14 (s, 
3H), 1.40 (s, 6H), 1.57 (m, 2H), 1.84 (m, 2H), 2.60 (s, 3H), 2.90 (m, 1H), 
4.04 (q, J= 6.9 Hz, 2H), 5.31 (s, 1H), 6.39 (s, 1H), 7.79 (s, 1H). 
1 -(7-Ethox y-2 ,2-dimethvl-4-phen vl-2#-cnromen-6-vl Vethanonft 
(Compound 66) 

Following General Procedure A, l-(7-hydroxy-2,2-dimethyl-4- 
phenyl-2H-chromen-6-yl)-ethanone (Compound 61, 992 mg, 3.08 mmol) 
and 1-iodoethane (1.67 mL, 15.4 mmol) were reacted to produce the title 
compound as a white solid. 

'H NMR (300 MHz, CDC1 3 ): 5 1 .48 (m, 9H), 2.60 (s, 3H), 4. 1 1 (q, J= 6.9 
Hz, 2H), 5.51 (s, 1H), 6.46 (s, 1H), 7.35 (m, 5H), 7.57 (s, 1H). 

l-(2,2 -Dimethyl-4-phenvl-7-propoxv-2/r-chromen-6-vlVethanone 
(Compound 67) 

Following General Procedure A, l-(7-hydroxy-2,2-dimethyl-4- 
phenyl-2#-chromen-6-yl)-ethanone (Compound 61, 170 mg, 0.51 mmol) 
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and 1-iodopropane (0.30 mL, 2.55 mmol) were reacted to produce the title 
compound as a colorless oil. 

'H NMR (300 MHz, CDC1 3 ): 5 1 .08 (t, J=6.9 Hz, 3H), 1 .50 (s, 6H), 1 .89 (m, 
2H), 2.60 (s, 3H), 4.01 (q, J= 6.9 Hz, 2H), 5.51 (s, 1H), 6.46 (s, 1H), 7.35 
(m, 5H), 7.57 (s, 1H). 

Ethyl (2E)-3-f4-ethvl-7-methoxv-2.2-din ^^ 
but-2-enoate (Compound 68) General Procedure K 

To a solution of H-butyllithium (2.5 M in hexanes, 1.3 mL, 3.28 
mmol) in THF (5 mL) at 0 °C was slowly added triethyl-2-fluoro-2- 
phosphonoacetate (700 mg, 2.89 mmol). The solution was stirred for 10 min 
at -40 °C. The mixture was cooled to -78 °C, and a solution of l-(4-ethyl-7- 
methoxy-2,2-dimethyl-2^-chromen-6-yl)-ethanone (Compound 53, 222 
mg, 0.97 mmol) in THF (5 mL) was added by cannula. After stirring at 0 °C 
for 4 h, the reaction mixture was quenched with water. The product was 
extracted with ethyl acetate and the combined extracts were washed with 
water and brine, and dried over Na 2 S0 4 . The solution was filtered and 
concentrated in vacuo. The residue was purified by column 
chromatography (silica gel, 10% ethyl acetate in hexane) to produce the title 
compound as a colorless oil. 

'H NMR (300 MHz, CDC1 3 ): 8 6.74 (s, 1H), 6.38 (s, 1H), 5.27 (s, 1H), 4.04 
(q, J = 7.2 Hz, 2H), 2.32 (q, J = 7.2 Hz, 2H), 2.05 (d, J = 3.3 Hz, 3H), 1.40 
(s, 6H), 1.10 (t, J = 7.2 Hz, 3H), 0.89 (t, J = 7.2 Hz, 3H). 

Ethyl (2E)-2-fluoro-3-r4Hsopro D vl-7-methov Y - 2.2-dimetbvl-?^-rh^ 0 ^ 
yl)-but-2-enoate (Compound 69) 

Following General Procedure K, triethyl-2-fluoro-2-phosphonoacetate 
(0.44 mL, 2.18 mmol) and l-(4-isopropyl-7-methoxy-2,2-dimethyl-2^- 
chromen-6-yl)-ethanone (Compound 54, 199 mg, 0.73 mmol) were reacted 
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to give the title compound as a colorless oil after purification by flash 

chromatography (silica gel, 1:9 ethyl acetate/hexane). 

J H NMR (300 MHz, CDCl 3 ) 8 1.04 (t, J= 7.0 Hz, 3H), 1.10(s,3H), 1.13 (s 

3H), 1 .40 (s, 6H), 2.07 (d, J = 4.4 Hz, 3H), 2.70 (m, 1H), 4.04 (q, J = 7.2 
Hz, 2H), 5.25 (s, 1H), 6.40 (s, 1H), 6.85 (s, 1H). 
Emvl (2E)-2-fluoro-3-( 4-^h^ 
yl)-but-2-enoflte (Compound 70) 

Following General Procedure K, triethyl-2-fluoro-2-phosphonoacetate 
(0.47 mL, 2.3 mmol) and l-(4-^-butyl-7-methoxy-2,2-dimethyl-^- 
chromen-6-yl)-ethanone (Compound 55, 133 mg, 0.46 mmol) were reacted 
to give the title compound as a colorless oil after purification by flash 
chromatography (silica gel, 1:9 ethyl acetate/hexane). 
l H NMR (300 MHz, CDC1 3 ): 5 7.23 (s, 1H), 6.37 (s, 1H), 5.30 (s, 1H), 3.96 

(q, J = 7.2 Hz, 2H), 3.73 (s, 3H), 2.29 (d, J = 3.3 Hz, 3H), 1.31 (s, 6H), 1 20 

(s,9H), 0.95 (t, J = 7.2 Hz, 3H). 

Ethyl (2E)-3-(7-ethoxy-4-ethv l-9 ^-dimp thyl^-chromen^-vl) ^^,,^ 
but-2-enoate (Compound 71) 

Following General Procedure K, triethyl-2-fluoro-2-phosphonoacetate 
(173 mg, 7.15 mmol) and l-(7-ethoxy-4-ethyi-2,2-dimethyl-2^-chromen-6- 
yl)-ethanone (Compound 56, 394 mg, 1.43 mmol) were reacted to give the 
title compound as a yellow oil after purification by flash chromatography 
(silica gel, 1:9 ethyl acetate/hexane). 

I HNMR(300MHz,CDCI 3 ):5 6.78 (s, 1H), 6.25 (s, 1H), 5.21 (s, 1H), 3.85 
(q, J = 7.2 Hz, 2H), 2.01 (q, J = 7.2 Hz, 2H), 2.21 (q, J = 7.2 Hz, 2H), 2.01 
(d, J = 3.3 Hz, 3H), 1.38 (s, 6H), 1.25 (t, J = 7.2 Hz, 3H), 1.10 (t, J = 7 2 Hz 
3H),0.89(t,J=7.2Hz,3H). 
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EthYU2E)-3-(7-ethoxY-4H\o propvl-2.2-di me thv1-7 ^- chr o m en-6- y l)-9- 
fluoro-but-2-enoate (r»^i pftnnri 72) 

Following General Procedure K, triethyl-2-fluoro-2-phosphonoacetate 
(0.40 mL, 1.74 mmol) and l-(4-isopropyl-7-ethoxy-2,2-dimethyl-2^- 
chromen-6-yl)-ethanone (Compound 63, 167 mg, 0.58 mmol) were reacted 
to give the title compound as a colorless oil after purification by flash 
chromatography (silica gel, 1 :9 ethyl acetate/hexane). 
'H NMR (300 MHz, CDC1 3 ): 5 1.01 (t, J= 7.0 Hz, 3H), 1.10 (s, 3H), 1.12 (s, 
3H), 1.40 (s, 6H), 1.32 (t, J= 7.0 Hz, 3H), 2.07 (d, J = 4.4 Hz, 3H), 2.75 (m,' 
1H), 4.10 (m, 4H), 5.24 (s, 1H), 6.38 (s, 1H), 6.86 (s, 1H). 
Ethyl (2E)- 2-fluoio«3-r4-i™^ A 
yl)-but-2-enoate (Compound 73) 

Following General Procedure K, triethyl-2-fluoro-2-phosphonoacetate 
(0.32 mL, 1.56 mmol) and l-(4-isopropyl-2,2-dimethyl-7-propoxy-2i7- 
chromen-6-yl)-ethanone (Compound 64, 157 mg, 0.52 mmol) were reacted 
to give the title compound as a colorless oil after purification by flash 
chromatography (silica gel, 1:9 ethyl acetate/hexane). 
1 HNMR(300MHz,CDCI 3 )5 1.01 (t, J= 7.0 Hz, 3H), 1.10(s,3H), 1.12(s, 
3H), 1.26 (t, J= 7.0 Hz, 3H), 1.40 (s, 6H), 1.79 (q, J= 7.0 Hz, 2H), 2.09 (d, J 
= 4.4 Hz, 3H), 2.75 (m, 1H), 3.86 (t, J= 7.0.Hz, 2H), 4.03 (q, J= 7.0 Hz, 
2H), 5.24 (s, 1H), 6.41 (s, 1H), 6.85 (s, 1H). 

Ethyl (2E>- 3-(7-butox y -4-isopro D vl-2.2-H,mPth v i-2/f-chrnn 1 P.n^- y i^_o 
fluoro-but -2-enoate (Compound 74) 

Following General Procedure K, triethyl-2-fluoro-2-phosphonoacetate (0.44 
mL, 1.75 mmol) and l-(7-butoxy-4-i SO propyl-2,2-dimethyl-2^-chromen-6- 
yl)-ethanone (Compound 65, 184 mg, 0.58 mmol) were reacted to give the 
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title compound as a pink oil after purification by flash chromatography 
(silica gel, 1:9 ethyl acetate/hexane). 

'H NMR (300 MHz, CDC1 3 ) 5 0.95 (t, J= 7.0 Hz, 3H), 1 .0 1 (t, J= 7.0 Hz, 
2H), 1 . 1 0 (s, 3H), 1 . 12 (s, 3H), 1 .40 (s, 6H), 1 .43 (m, 2H), 2.08 (d, J = 4.4 
Hz, 3H), 2.71 (m, 1H), 3.90 (t, J= 7.0 Hz, 2H), 4.03 (q, J= 7.0 Hz, 2H), 5.24 
(s, 1H), 6.39 (s, 1H), 6.85 (s, 1H). 

Ethyl (2E)-3-r7-ethoxv-7.2-dimethvl-4- phenvl-2^-chmmen-6-v1V2-f]nnrn- 
but-2-enoate (Compound 75) 

Following General Procedure K, triethyl-2-fluoro-2-phosphonoacetate 
(0.42 mL, 1.70 mmol) and l-(7-ethoxy-2,2-dimethyl-4-phenyl-2^-chromen- 
6-yl)-ethanone (Compound 66, 183 mg, 0.57 mmol) were reacted to give 
the title compound as a colorless oil after purification by flash 
chromatography (silica gel, 1:9 ethyl acetate/hexane). 
! H NMR (300 MHz, CDC1 3 ): 5 1.07 (t, J= 7.0 Hz, 3H), 1.34 (t, J= 7.0 Hz, 
3H), 1.50 (s, 6H), 2.01 (d, J = 4.4 Hz, 3H), 4.04 (m, 4H), 5.47 (s, 1H), 6.48 
(s, 1H), 6.69 (s, 1H), 7.35 (m, 5H). 

Ethyl (2E)-3-(2,2-dimethvl-4-phenvl-7- P ropoxv-2/^-chromen-6-vn-7- 
fluoro-but-2-enoate (Compound 76) 

Following General Procedure K, triethyl-2-fluoro-2-phosphonoacetate 
(0.41 mL, 1.61 mmol) and l-(2,2-dimethyl-4-phenyl-7-propoxy-2i7- 
chromen-6-yl)-ethanone (Compound 67, 180 mg, 0.54 mmol) were reacted 
to give the title compound as a colorless oil after purification by flash 
chromatography (silica gel, 1:9 ethyl acetate/hexane). 
'H NMR (300 MHz, CDC1 3 ): 5 0.97 (t, J= 7.0 Hz, 3H), 1.07 (t, J= 7.0 Hz, 
3H), 1.50 (s, 6H), 1.75 (m, 2H), 2.01 (d, J = 4.4 Hz, 3H), 3.87 (q, J = 7.0 
Hz, 2H), 4.03 (q, J = 7.0 Hz, 2H), 5.47 (s, 1H), 6.48 (s, 1H), 6.69 (s, 1H), 
7.35 (m, 5H). 
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Ethvl(2E)-2-fluoro-3-r7-metfaoxv-2.2 4-trimethv1-2^-chrome n -6-vn- r f ,nt- 
2-enoate (Compound 77) 

Following General Procedure K, triethyl-2-fluoro-2-phosphonoacetate 
(530 mg, 2.2 mmol) and l-(7-methoxy-2,2,4-trimethyl-2^-chromen-6-yl)- 
propan-l-one (Compound 57, 189 mg, 0.73 mmol) were reacted to give the 
title compound as a colorless oil after purification by flash chromatography 
(silica gel, 5% ethyl acetate in hexanes). 

'H NMR (300 MHz, CDC1 3 ): 8 (6.74 (s, 1H), 6.38 (s, 1H), 5.27 (s, 1H), 4.04 
(q, J = 7.2 Hz, 2H), 3.73 (s, 3H), 2.46-2.55 (m, 2H), 1 .94 (s, 3H), 1 .40 (s, 
6H), 1.01 (t, J = 7.2 Hz, 3H). 

Ethyl (2E)-2-fluoro-3-r4-isoproDvl-7- m ethoxv-2.2-dimethvl-2/7-r,hromen-6- 
yl)-pent-2-enoate (Compound 78) 

Following General Procedure K, triethyl-2-fluoro-2-phosphonoacetate 
(605 mg, 2.50 mmol) and l-(4-isopropyl-7-methoxy-2,2-dimethyl-2#- 
chromen-6-yl)-propan-l-one (Compound 58, 148 mg, 0.50 mmol) were 
reacted to give the title compound as a colorless oil after purification by 
flash chromatography (silica gel, 5% ethyl acetate in hexanes). 
'H NMR (300 MHz, CDC1 3 ): 5 6.73 (s, 1H), 6.33 (s, 1H), 5.18 (s, 1H), 3.95 
(q, J= 7.5 Hz, 2H), 3.66 (s, 3H), 2;66-2.70 (m, 1H), 2.39-2.48 (m, 2H), 1.32 
(s, 6H), 1.04 (d, J = 9.0 Hz, 6H), 0.84-0.96 (m, 6H). 

Ethyl (2E)-2-fluoro-3-r4-/er/-butvl-7- me t hoxv-2.2-dirnethvl-2/f-chrornen-6- 
vl)-pent-2-enoate (Compound 79) 

Following General Procedure K, triethyl-2-fluoro-2-phosphonoacetate 
(431 mg, 1.78 mmol) and l-(4-tert-butyl-7-methoxy-2,2-dimethyl-2//- 
chromen-6-yl)-propan-l-one (Compound 59, 107 mg, 0.35 mmol) were 
reacted to give the title compound as a colorless oil after purification by 
flash chromatography (silica gel, 5% ethyl acetate in hexanes). 
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! H NMR (CDCI3, 300 MHz): 5 7.08 (s, 1H), 6.35 (s, 1H), 5.29 (s, 1H), 3.94 

(q, J = 7.2 Hz, 2H), 3.66 (s, 3H), 2.42-2.49 (m, 2H), 1.31 (s, 6H), 1.19 (s, 
9H), 0.84-0.95 (m, 6H). 

EthvU2E)-3-(7-ethoxv-2.2.4-trim ethvl-2/f-chromen-6-vlV2-fluoro-pent-2- 
enoate (Compound 80) 

Following General Procedure K, triethyl-2-fluoro-2-phosphonoacetate 
(993 mg, 4.11 mmol) and l-(7-ethoxy-4-methyl-2,2-dimethyl-27/-chromen- 
6-yI)-propan-l-one (Compound 60, 225 mg, 0.82 mmol) were reacted to 
give the title compound as a colorless oil after purification by flash 
chromatography (silica gel, 5% ethyl acetate in hexanes). 
] H NMR (300 MHz, CDC1 3 ): 5 6.74 (s, 1H), 6.38 (s, 1H), 5.21 (s, 1H), 3.82- 
4.01 (m, 4H), 2.38-2.42 (m, 2H), 1.85 (s, 3H), 1.39 (s, 6H), 1.24 (t, J = 7.2 
Hz, 3H), 0.89-0.99 (m, 6H). 

(2E) -3-(4-Ethvl-7-methoxv-2.2-dimethvl-2iy-chromen-6-vn-2-fluoro-but-2- 
en-l-ol (Compound 81) General Procedure L 

To a solution of ethyl (2£)-3-(4-ethyl-7-methoxy-2,2-dimethyl-2tf- 
chromen-6-yl)-2-fluoro-but-2-enoate (Compound 68, 349 mg, 0.96 mmol) 
in THF (15 mL) under argon at 0 °C was added diisobutylaluminum hydride 
(1 .0 M in hexanes, 2.9 mL, 2.9 mmol). The resulting mixture was stirred at - 
78 °C for 4 h. The reaction was quenched slowly with saturated NH4CI, 
celite, and diluted with diethyl ether. The resulting mixture was stirred at 25 
°C for 1 h. The product was filtered through a pad of celite. The solution 
was dried over Na 2 S0 4 and concentrated in vacuo. The residue was purified 
by flash column chromatography (silica gel, 1:4 ethyl acetate/hexane) to 
yield the title compound as a yellow solid. 
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'H NMR (300 MHz, CDC1 3 ) 5 7.08 (s, IE), 6.81 (s, 1H), 5.25 (s, 1H), 3.90 
(d, J = 22.0 Hz, 2H), 3.68 (s, 3H), 2.40 (bs, 1H), 2.28-2.35 (m, 2H), 1.96 (s, 
3H), 1.33 (s, 6H), 1.08 (t, J = 7.2 Hz, 3H). 

(2E)-2-Fluoro-3-r4-isopropvl-7-r nethoxv-2.2-dimethvl-2/f-chromeTi-6-v]V 
but-2-en-l-ol (Compound 82) 

Following General Procedure L, ethyl (2E)-2-fluoro-3-(4-isopropyl-7- 
methoxy-2,2-dimethyl-2i7-chromen-6-yl)-but-2-enoate (Compound 69, 145 
mg, 0.40 mmol) and a diisobutylaluminum hydride (1M in hexanes, 1.60 
mL, 1.60 mmol) were reacted to give the title compound as a colorless oil 
after purification by flash chromatography (silica gel, 1:9 to 1:4 ethyl 
acetate/hexane). 

J H NMR (300 MHz, CDCI 3 ): 5 1.10 (s, 3H), 1.13 (s, 3H), 1.40 (s, 6H), 1.94 
(d, J = 4.4 Hz, 3H), 2.80 (m, 1H), 3.80(s, 1H), 4.03 (dd, J = 6.2 Hz, J = 18.4 
Hz, 2H), 5.27 (s, 1H), 6.41 (s, 1H), 6.93 (s, 1H). 

^2E)-3-(4-/e7Y-Butvl-7-m ethoxv-2.2-dimethvl-2/f-chromen-6-v1)-2-fluoro- 
but-2-en-l-ol (Compound 83) 

Following General Procedure L, ethyl (2^-fluoro-3-(4-tert-butyl-7- 
methoxy-2,2-dimethyl-2#-chromen-6-yl)-but-2-enoate (Compound 70, 148 
mg, 0.39 mmol) and diisobutylaluminum hydride (1 M in dichloromethane, 
1.1 mL, 1.1 mmol) were reacted to give the title compound as yellow solid 
after purification by flash chromatography (silica gel, 1 :9 to 1 :4 ethyl 
acetate/hexane). 

H NMR (300 MHz, CDC1 3 ): 6 7.27 (s, 1H), 6.40 (s, 1H), 5.37 (s, 1H), 4.03 
(d, J = 22.0 Hz, 2H), 3.74 (s, 3H), 1.93 (d, J = 3.9 Hz, 3H), 1.31 (s, 6H), 
1.21 (s, 9H). 

(2E)-3-r7-Ethoxv-4-eth vl-2.2-dimethvl-2^/-chromen-6-v1V2-fluoro-but-2- 
en-l-ol (Compound 84) 
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Following General Procedure L, ethyl (2£)-3-(7-ethoxy-4-ethyl-2,2- 
dimethyl-2i7-chromen-6-yl)-2-fluoro-but-2-enoate (Compound 71, 348 mg 
0.96 mmol) and diisobutylaluminum hydride (1 M dichloromethane, 2.9 
mL, 2.88 mmol) were reacted to give the title compound as yellow solid 
after purification by flash chromatography (silica gel, 1 :9 to 1 :4 ethyl 
acetate/hexane). 

! H NMR (300 MHz, CDC1 3 ): 8 6.82 (s, 1H), 6.32 (s, 1H), 5.23 (s, 1H), 3.89- 
3.94 (m, 4H), 2.36 (br s, 1H), 2.26-2.28 (m, 2H), 1 .96 (d, J = 3,3 Hz, 3H), 
1.33 (s, 6H), 1.10 (t, J = 7.2 Hz, 3H), 0.89 (t, J = 7.2 Hz, 3H). 

(2E)-3-(7-Ethoxy-4-isopropvl-2.2-diTr l ethvl-2H-chro men-6-vn-2-fliinrn-hnt- 
2-en-l-ol (Compound 85) 

Following General Procedure L, ethyl (2£)-3-(7-ethoxy-4-isopropyl- 
2,2-dimethyl-2H-chromen-6-yl)-2-fluoro-but-2-enoate (Compound 72, 163 
mg, 0.44 mmol) and diisobutylaluminum hydride (1M in hexanes, 1.74 mL, 
4.74 mmol) were reacted to give the title compound as a colorless oil after 
purification by flash chromatography (silica gel, 1 :9 to 1 :4 ethyl 
acetate/hexane) . 

! H NMR (300 MHz, CDC1 3 ): 5 1.10 (s, 3H), 1.13 (s, 3H), 1.37 (t, J = 7.2 
Hz, 3H), 1.40 (s, 6H), 1.94 (d, J = 4.4 Hz, 3H), 2.80 (m, 1H), 3.80(s, 1H), 
4.03 (m, 4H), 5.27 (s, 1H), 6.41 (s, 1H), 6.93 (s, 1H). 

(2E)-2-Fluoro-3-(4-isor>ropvl-2.2-d 1 m ethvl-7-p rop oxv-2/7-chromen-6-vlV 
but-2-en-l-ol (Compound 86) 

Following General Procedure L, ethyl (2E)- 2-fluoro-3-(4-isopropyl- 
2,2-dimethyl-7-propoxy-2/f-chromen-6-yl)-but-2-enoate (Compound 73, 
130 mg, 0.33 mmol) and diisobutylaluminum hydride (1M in hexanes, 1.34 
mL, 1.34 mmol) were reacted to give the title compound as a colorless oil 
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after purification by flash chromatography (silica gel, 1 :9 ethyl 
acetate/hexane) . 

l H NMR (300 MHz, CDC1 3 ): 5 1.00 (t, J = 7.0 Hz, 3H), 1.10 (s, 3H), 1.13 
(s, 3H), 1.40 (s, 6H), 1.79 (q, J = 7.0 Hz, 2H), 1.94 (d, J = 4.4 Hz, 3H), 2.80 
(m, 1H), 3.85 (t, J = 7.0 Hz, 2H), 4.03 (dd, J = 6.2 Hz, J = 18.4 Hz, 2H), 
5.27 (s, 1H), 6.41 (s, 1H), 6.93 (s, 1H). 

r2EV3-f7-Butoxv-4-isopropvl-2.2-dimethvl-2jy-chrornen-6-vl)-2-fluoro-but- 

2-en-l-ol (Compound 87) 

Following General Procedure L, ethyl (2E)-3-(7-butoxy-4-isopropyl- 
2,2-dimethyl-2^-chromen-6-yl)-2-fluoro-but-2-enoate (Compound 74, 133 
mg, 0.34 mmoi) and diisobutylaluminum hydride (1 M in hexanes, 1.37 mL, 
1.37 mmol) were reacted to give the title compound as a colorless oil after 
purification by flash chromatography (silica gel, 1:9 ethyl acetate/hexane). 
'H NMR (300 MHz, CDC1 3 ): 5 1.00 (t, J = 7.0 Hz, 3H), 1.10 (s, 3H), 1.13 
(s, 3H), 1.40 (s, 6H), 1.45(m, 2H), 1.79 (m, 2H), 1.94 (d, J = 4.4 Hz, 3H), 
2.80 (m, 1H), 3.85 (t, J = 7.0 Hz, 2H), 4.03 (dd, J = 6.2 Hz, J = 18.4 Hz, 
2H), 5.27 (s, 1H), 6.41 (s, 1H), 6.93 (s, 1H). 

f2EV3-r7-Ethoxv-2.2-dimethvl-4-phenvl-2//-chromen-6-vn-2-fluoro-but-2- 

en-l-ol (Compound 88) 

Following General Procedure L, ethyl (2E)-3-(7-ethoxy-2,2-dimethyl- 
4-phenyl-2//-chromen-6-yl)-2-fluoro-but-2-enoate (Compound 75, 160 mg, 
0.38 mmol) and diisobutylaluminum hydride (1 M in hexanes, 1.51 mL, 
1.51 mmol) were reacted to give the title compound as a colorless oil after 
purification by flash chromatography (silica gel, 1:4 ethyl acetate/hexane). 
l H NMR (300 MHz, CDC1 3 ): 5 1.40 (t, J = 7.0 Hz, 3H), 1.50 (s, 6H), 1.86 
(d, J = 4.4 Hz, 3H), 4.02 (m, 4H), 5.50 (s, 1H), 6.50 (s, 1H), 6.72 (s, 1H), 
7.38 (m, 5H). 
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(2EV3-r2.2-Dimethvl-4-phenvl-7-propoxv-2//-chromen-6-vlV2-fluoro-but- 

2-en-l-ol (Compound 89) 

Following General Procedure L, ethyl (2E)-3-(2,2-dimethyl-4-phenyl- 
7-propoxy-2//-chromen-6-yl)-2-fluoro-but-2-enoate (Compound 76, 213 
mg, 0.49 mmol) and diisobutylaluminum hydride (1M in hexanes, 1.95 mL, 
1 .95 mmol) were reacted to give the title compound as a colorless oil after 
purification by flash chromatography (silica gel, 1:4 ethyl acetate/hexane). 
! H NMR (300 MHz, CDC1 3 ): 5 1.00 (t, J = 7.0 Hz, 3H), 1.50 (s, 6H), 1.78 
(q, J = 7.0 Hz, 2H), 1.86 (d, J = 4.4 Hz, 3H), 4.00 (m, 4H), 5.48 (s, 1H), 
6.47 (s, 1H), 6.71 (s, 1H), 7.38 (m, 5H). 

r2EV2-Fluoro-3-(7-methoxv-2.2.4-trimethvl-2/f-chromen-6-vlVpent-2-en- 

l-ol (Compound 90) 

Following General Procedure L, ethyl 2-fluoro-3-(7-methoxy-2,2,4- 
trimethyl-2i/-chromen-6-yl)-pent-2-enoate (Compound 77, 195 mg, 0.56 
mmol) and a diisobutylaluminum hydride (1 M in hexanes, 1.68 mL, 1.68 
mmol) were reacted to give the title compound as yellow solid after 
purification by flash chromatography (silica gel, 1:4 ethyl acetate/hexane). 
! H NMR (300 MHz, CDC1 3 ): 8 6.74 (s, 1H), 6.33 (s, 1H), 5.23 (s, 1H), 3.89 
(d, J = 22.0 Hz, 2H), 3.68 (s, 3H), 2.28-2.40 (m, 2H), 1.96 (s, 3H), 1.33 (s, 
6H), 0.84 (t, J = 7 Hz, 3H). 

r2EV2-Fluoro-3-('4-isopropvl-7-methoxv-2.2-dimethvl-2.fi r -chrom en-6-vl)- 

pent-2-en-l-ol (Compound 91) 

Following General Procedure L, ethyl 2-fluoro-3-(4-isopropyl-7- 
methoxy-2,2-dimethyl-2i/-chromen-6-yl)-pent-2-enoate (Compound 78, 
128 mg, 0.34 mmol) and a diisobutylaluminum hydride (1 M in 
dichloromethane, 1.0 mL, 1.0 mmol) were reacted to give the title 
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compound as yellow solid after purification by flash chromatography (silica 
gel, 1:4 ethyl acetate/hexane). ■ 

»H NMR (300 MHz, CDC1 3 ): 8 6.87 (s, 1H), 6.40 (s, 1H), 5.26 (s, 1H), 3.90 
(d, J = 22.0 Hz, 2H), 3.69 (s, 3H), 2.68-2.73 (m, 1H), 2.29-2.37 (m, 2H), 
1 .33 (s, 6H), 1 .05 (d, J = 6.0 Hz, 6H), 0.83 (t, J = 7.8 Hz, 3H). 
r2E)-3-(4-ter^-Butvl-7-methoxv-2.2-dimethvl-2//-chromen-6-vD-2-fluoro- 

pent-2-en-l-ol (Compound 92) 

Following General Procedure L, ethyl 2-fluoro-3-(4-tert-butyl-7- 
memoxy-2,2-dimethyl-2i/-chromen-6-yl)-pent-2-enoate (Compound 79, 90 
mg, 0.23 mmol) and diisobutylaluminum hydride (1 M in dichloromethane, 
0.7 mL, 0.7 mmol) were reacted to give the title compound as yellow solid 
after purification by flash chromatography (silica gel, 1 :4 ethyl 
acetate/hexane). 

l H NMR (300 MHz, CDC1 3 ): 8 7.27 (s, 1H), 6.44 (s, 1H), 5.39 (s, 1H), 4.05 
(d, J = 22.0 Hz, 2H), 3.77 (s, 3H), 2.37-2.43 (m, 2H), 1.38 (s, 6H), 1.27 (s, 
9H), 0.89 (t, J = 6.9 Hz, 3H). 

r2EV3-(7-Ethoxv-2.2.4-trimethvl-2if-chromen-6-vl)-2-fluoro-pent-2-en-l- 

ol (Compound 93) 

Following General Procedure L, ethyl 3-(7-ethoxy-2,2,4-trimethyl- 
2#-chromen-6-yl)-2-fluoro-pent-2-enoate (Compound 80, 226 mg, 0.62 
mmol) and diisobutylaluminum hydride (1 M in dichloromethane, 1.87 mL, 
1.87 mmol) were reacted to give the title compound as yellow solid after 
purification by flash chromatography (silica gel, 1 :4 ethyl acetate/hexane). 
*H NMR (300 MHz, CDC1 3 ): 8 6.81 (s, 1H), 6.39 (s, 1H), 5.21 (s, 1H), 3.90- 
4.00 (m, 4H), 2.21-2.38 (m, 3H), 1.93 (s, 3H), 1.34 (s, 6H) 1.33 (t, J = 7.2 
Hz, 3H), 0.89 (t, J = 7.2 Hz, 3H). 
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r2EV2-Fluoro-3-(4-isopropvl-7-methoxv-2.2-dimethvl-2//-chromen-6-vl)- 
but-2-enal (Compound 95) General Procedure M 

To a solution of (2E)-2-fluoro-3-(4-isopropyl-7-methoxy-2,2- 
dimethyl-2i/-chromen-6-yl)-but-2-en-l-ol (Compound 82, 117 mg, 0.37 
mmol) in dichloromethane/ acetonitrile (6:1, 7 mL) at 25 °C were added 4- 
methylmorpholine N-oxide (85 mg, 0.74 mmol), tetrapropylammonium 
perruthenate (12 mg, 0.04 mmol), and 4 A molecular sieve powder (60 mg). 
The mixture was stirred at 25 °C for 1 h and applied directly to 
chromatography.. Flash chromatography (silica gel, 100% hexane to 5% 
ethyl acetate in hexanes) gave rise to the title compound as a colorless oil. 
l H NMR (300 MHz, CDC1 3 ): 5 1.10 (s, 3H), 1.13 (s, 3H), 1.42 (s, 6H), 2.20 
(d, J = 3.8 Hz, 3H), 2.76 (m, 1H), 3.78 (s, 1H), 5.30 (s, 1H), 6.5 1H), 6.95 
(s, 1H), 9.23 (d, J = 19.3 Hz, 1H). 

r2E)-3-r7-Ethoxv-4-isoprot>vl-2.2-dimethvl-2//-chromen-6-vl)-2-fluoro-but- 

2-enal (Compound 98) 

Following General Procedure M, (2E)-3-(7-ethoxy-4-isopropyl-2,2- 
dimethyl-2i/-chromen-6-yl)-2-fluoro-but-2-en-l-ol (Compound 85, 114 
mg, 0.36 mmol) and 4-methylmorpholine N-oxide (85 mg, 0.72 mmol) were 
reacted to give the title compound as a yellow oil. 

'H NMR (300 MHz, CDC1 3 ): 8 1.10 (s, 3H), 1.13 (s, 3H), 1.34 (t, J = 7.0 
Hz, 3H), 1.41 (s, 6H), 2.07 (d, J = 3.8 Hz, 3H), 2.76 (m, 1H), 4.00 (q, J = 
7.0 Hz, 2H), 5.30 (s, 1H), 6.50 (s, 1H), 6.93 (s, 1H), 9.25 (d, J = 19.3 Hz, 
1H). 

( r 2E)-2-Fluoro-3-(4-isopropvl-2.2-dimethvl-7-propoxv-2//-chromen-6-vl)- 
but-2-enal (Compound 99) 
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Following General Procedure M, (2E)-2-fluoro-3-(4-isopropyl-2,2- 
dimethyl-7-propoxy-2i/-chromen-6-yl)-but-2-en-l-ol (Compound 86, 100 
mg, 0.27 mmol) and 4-methylmorpholine N-oxide (75 mg, 0.57 mmol) were 
reacted to give the title compound as a yellow oil. 

l H NMR (300 MHz, CDC1 3 ): 5 1.00 (t, J = 7.0 Hz, 3H), 1.10 (s, 3H), 1.13 
(s, 3H), 1.42 (s, 6H), 1.78 (q, J = 7.0 Hz, 2H), 2.10 (d, J = 3.8 Hz, 3H), 2.76 
(m, 1H), 3.90 (t, J = 7.0 Hz, 2H), 5.30 (s, 1H), 6.50 (s, 1H), 6.95 (s, 1H), 
9.25 (d, J= 19.3 Hz, 1H). 

r2E)-3-(7-Butoxv-4-isopropvl-2.2-dimethvl-2// : -chromen-6-vl)-2-iluoro-but- 
2-enal (Compound 100) 

Following General Procedure M, (2E)-3-(7-butoxy-4-isopropyl-2,2- 
dimethyl-2#-chromen-6-yl)-2-fluoro-but-2-en-l-ol (Compound 87, 109 
mg, 0.30 mmol) and 4-methylmorpholine N-oxide (70 mg, 0.60 mmol) were 
reacted to give the title compound as a yellow oil. 

J H NMR (300 MHz, CDC1 3 ): 5 0.97 (t, J = 7.0 Hz, 3H), 1.10 (s, 3H), 1.13 
(s, 3H), 1.40 (s, 6H), 1.42 (m, 2H), 1.68 (m, 2H), 2.20 (d, J = 3:8 Hz, 3H), 
2.78 (m, 1H), 3.95 (t, J = 7.0 Hz, 2H), 5.30 (s, 1H), 6.43 (s, 1H), 6.94 (s, 
1H), 9.25 (d, J = 19.3 Hz, 1H). 

r2E)-3-(7-Ethoxv-2.2-dimethvl-4-phenvl-2i/-chromen-6-vlV2-fluoro-but-2- 

enal (Compound 101) 

Following General Procedure M, (2E)-3-(7-ethoxy-2,2-dimethyl-4- 
phenyl-2if-chxomen-6-yl)-2-fluoro-but-2-en-l-ol (Compound 88, 137 mg, 
0.37 mmol) and 4-methylmorpholine N-oxide (87 mg, 0.74 mmol) were 
reacted to give the title compound as a yellow oil. 

'H NMR (300 MHz, CDC1 3 ): 8 1.39 (t, J = 7.0 Hz, 3H), 1.51 (s, 3H), 1.55 
(s, 3H), 2.15 (d, J = 3.8 Hz, 3H), 4.04 (q, J = 7.0 Hz, 2H), 5.50 (s, 1H), 6.50 
(s, 1H), 6.76 (s, 1H), 7.38 (m, 5H), 9.20 (d, J= 19.3 Hz, 1H). 
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(2E)-3-(2.2-Dimet hvl-4-phenvl-7-propoxv-2//-chromen-6-vD-2-fluoro-but- 
2-enal (Compound 102) Following General Procedure M, (2E)-3-(2,2- 

dimethyl-4-phenyl-7-propoxy-2/f-chromen-6-yl)-2-fluoro-but-2-en- 1 -ol 
(Compound 89, 145 mg, 0.38 mmol) and 4-methylmorpholine N-oxide (90 
mg, 0.76 mmol) were reacted to give the title compound as a yellow oil. 
'H NMR (300 MHz, CDC1 3 ): 5 1.00 (t, J = 7.0 Hz, 3H), 1.51 (s, 3H), 1.55 
(s, 3H), 1.79 (m, 2H), 2.15 (d, J = 3.8 Hz, 3H), 3.93 (t, J = 7.0 Hz, 2H), 5.50 
(s, 1H), 6.50 (s, 1H), 6.76 (s, 1H), 7.38 (m, 5H), 9.20 (d, J = 19.3 Hz, 1H). 
Ethyl 7-r4-ethvl-7-m ethoxv-2.2-dimethvl-2//-chromen-6-vn-6-fluoro-3- 
methvl-octa-2E.4E.6E-trienoate (Compound 107) General Procedure N 
To a solution of 3-(4-ethyl-7-methoxy-2,2-dimethyl-2i7-chromen-6- 
yl)-2-fluoro-but-2-en-l-ol (Compound 81, 1 15 mg, 0.36 mmol) in 
dichloromethane/acetonitrile (1:1, 10 mL) was added 4-methylmorpholine 
N-oxide (48 mg, 0.43 mmol) and tetrapropylammonium perruthenate (10 
mg). After stirring at room temperature for 30 min, the solvent was removed 
under reduced pressure and the residue was purified by flash 
chromatography (silica gel, 80:20 hexane/ethyl acetate) to give the 
corresponding aldehyde (Compound 94). 

To a solution of ethyl 4-(diethoxyphosphoryl)-3-methylbut-2E-enoate 
(462 mg, 2.89 mmol) in THF (20 mL) and l,3-dimethyl-3,4,5,6-tetrahydro- 
2(/#)-pyrimidinone (DMPU, 6 mL) at -78 °C was slowly added n- 
butyllithium (1.6 M in hexane, 1.6 mL, 2.6 mmol). After stirring for 5 min, 
a solution of the crude aldehyde in THF (6 mL) was added to the reaction 
mixture via cannula. The resulting solution was stirred and warmed up to 
room temperature for 2 h before quenching with saturated NH4CI solution. 
The reaction mixture was extracted with ethyl acetate, washed with brine, 
dried (MgS0 4 ) and concentrated under reduced pressure. Purification by 
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flash chromatography (silica gel, 90: 10 hexane/ethyl acetate) afforded the 
title compound as a yellow oil. 

] H NMR (300 MHz, CDC1 3 ): 5 6.80 (s, 1H), 6.50 (d, J = 15.0 Hz, 1H), 6.41 
(s, 1H), 6.28 (dd, J= 15.6, 25.5 Hz, 1H), 5.75 (s, 1H), 5.27 (s, 1H), 4.10 (q, 
J = 7.2 Hz, 2H), 3.70 (s, 3H), 2.20-2.37 (m, 2H), 2.05 (s, 3H), 1 .95 (d, J = 
3.0 Hz, 3H), 1.42 (s, 3H), 1.38 (s, 6H), 1.20 (t, J = 7.2 Hz, 3H), 1.05 (t, J = 
7.5 Hz, 3H). 

Ethyl (2E. 4E. 6EV 6-fluoro-7-r4-isopropvl-7-methoxv-2.2-dimethvl-2H- 
chromen-6-vl)-3-methvl-octa-2.4.6-trienoate rCompoimd 108) General 
Procedure O 

To a solution of ethyl 4-(diethoxyphosphoryl)-3-methyl-but-2E- 
enoate (240 mg, 0.91 mmol) in THF (10 mL), and l,3-dimethyI-3,4,5,6- 
tetrahydro-2(7i^)-pyrimidinone (DMPU, 0.13 mL) under argon at -78 °C ' 
was slowly added «-butyl lithium (1.6 M in hexanes, 0.60 mL, 0.96 mmol). 
The resulting mixture was stirred at -78 °C for 15 min before a solution of 

(2E)-2-fluoro-3-(4-isopropyl-7-methoxy-2,2-dimethyl-2/7-chromen-6-yI)- 
but-2-enal (Compound 95, 100 mg, 0.3 1 mmol) and THF (3 mL) was 
added via cannula. The resulting mixture was stirred at 0 °C for 1 h. The 
reaction was quenched with saturated NHjCl, and the product was extracted 
with diethyl ether. The combined ethereal layers were washed with water 
and brine, dried over Na 2 S0 4 , filtered and concentrated in vacuo. The 
residue was purified by flash column chromatography (silica gel, 5% ethyl 
acetate in hexane) to yield the title compound as a yellow oil. 
'H NMR (300 MHz, CDC1 3 ): 8 1.12 (d, J = 6.7 Hz, 6H), 1.27 (t, J = 7.0 Hz, 
3H), 1.42 (s, 6H), 2.04 (m, 6H), 2.76 (m, 1H), 3.77 (s, 3H), 4.16 (q, J=7.0 
Hz, 2H), 5.28 (s, 1H), 5.82 (s, 1H), 6.31 (dd, J = 15.5 Hz, J = 25.5 Hz, 1H), 
6.43 (s, 1H), 6.47 (d, J = 15.5 Hz, 1H), 6.89 (s, 1H). 
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Ethyl 7-(4-fe^-bT J tvl-7-methoxv-2.2-dim ethvl-2//-c1 1 ro T r 1 en-6-vlV6-f1i,oro- 
3-methyl-octa-2E.4E.6H-trienoate (Compound 109) 

Following General Procedure N, 3-(4-terr-butyl-7-methoxy-2,2- 
dimethyl-2^-chromen-6-yl)-2-fluoro-but-2-en-l-ol (Compound 83, 55 mg, 
0.16 mmol) and 4-methylmorpholine N-oxide (39 mg, 0.33 mmol) were 
reacted to give the corresponding aldehyde (Compound 96). Treatment 
with the ylide of ethyl 4-(diethoxyphosphoryl)-3-methyl-but-2E-enoate (382 
mg, 1 .40 mmol) gave rise to the title compound as a colorless oil after 
purification by flash chromatography (silica gel, 5% ethyl acetate in 
hexanes). 

'H NMR (300 MHz, CDC1 3 ): 8 7.20 (s, 1H), 6.46 (d, J = 15.5 Hz, 1H), 6.44 
(s, 1H), 6.35 (dd, J= 15.5, 25.5 Hz, 1H), 5.75 (s, 1H), 5.31 (s, 1H), 4.09 (q, 
J = 7.2Hz, 2H), 3.70(s, 3H), 2.01-2.03 (m, 6H), 1.32 (s, 6H), 1.17-1.22(m, 
12H). 

Ethyl 7-(7-ethoxv-4-ethvl- 2,2-dimethvl-2jy-chromeTi-6-vI)-6-fjuoro-3- 
methyl-octa-2E.4E.6E-trienoate (Compound 110) 

Following General Procedure N, 3-(7-ethoxy-4-ethyl-2,2-dimethyl- 
2i7-chromen-6-yl)-2-fluoro-but-2-en-l-ol (Compound 84, 166 mg, 0.52 
mmol) and 4-methylmorpholine N-oxide (67 mg, 0.62 mmol) were reacted 
to give the corresponding aldehyde (Compound 97). Treatment with the 
ylide of ethyl 4-(diethoxyphosphoryl)-3-methyl-but-2Eenoate (1.25 g, 4.76 
mmol) afforded the title compound as a yellow oil after purification by flash 
chromatography (silica gel, 5% ethyl acetate in hexanes). 
'H NMR (300 MHz, CDC1 3 ) 5 6.78 (s, 1H), 6.41 (d, J = 15.0 Hz, 1H), 6.38 
(s, 1H), 6.25 (dd, J = 15.6, 25.5 Hz, 1H), 5.79 (s, 1H), 5.21 (s, 1H), 4.15 (q, 
J = 7.8 Hz, 2H), 3.91 (q, J = 7.8 Hz, 2H), 2.21-2.30 (m, 2H), 2.10 (s, 3H), 
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2.01 (d, J = 3.3 Hz, 3H), 1.35 (s, 6H), 1.29 (t, J = 7.8 Hz, 3H), 1.21 (t, J = 
7.8 Hz, 3H), 1 .02 (t, J = 7.8 Hz, 3H). 

Ethyl (2E, 4E, 6E)-7-r7-ethoxv-4-i S op rd PV l-2.2-dim fi thvl-2H-cbrom ft r.-6- 
yl)-6-fluoro-3-methyl-octa-2.4.6-trienn a ffi <;ro m p»„»H my Following 
General Procedure O, ethyl 4-(diethoxyphos P horyl)-3-methyl-but-2E-enoate 
(230 mg, 0.84 mmol) and (2E)-3-(7-ethoxy-4-isopropyI-2,2-dimethyl-2^- 
chromen-6-yI)-2-fluoro-but-2-enal (Compound 98, 96 mg, 0.29 mmol) 
were reacted to give the title compound as a yellow oil after purification by 
column chromatography (silica gel,5% ethyl acetate in hexane). 
I HNMR(300MHz,CDCl3): 5l.l2(d,J = 6.7Hz,6H), 1.27 (m,3H), 1.35 
(t, J = 7.0 Hz, 3H), 1.41 (s, 6H), 2.07 (m, 6H), 2.80 (m, 1H), 3.77 (s, 3H), 
4.00 (q, J=7.0Hz, 2H), 4.16 (q, J=7.0Hz, 2H), 5.28 (s, 1H), 5.82 (s, 1H), 
6.34 (dd, J = 15.5 Hz, J = 25.5 Hz, 1H), 6.42 (s, 1H), 6.47 (d, J = 15.5 Hz, 
1H), 6.89 (s, 1H). 

Ethyl (2E, 4E, 6E)-6-£luoro-7-r4-isop ro pvl-2.2-dimethvl-7-Drop oxy-2^- 
chromen-6-vn-3-methvl-octa-2A6-triRnnatp(rn»np^^ n ^ i 12 ) 

Following General Procedure O, ethyl 4-(diethoxyphosphoryl)-3- 
methyl-but-2E-enoate (159 mg, 0.60 mmol) and (2E)-2-fluoro-3-(4- 
isopropyl-2,2-dimethyl-7-propoxy-2i/-chromen-6-yl)-but-2-enal 
(Compound 99, 72 mg, 0.21 mmol) were reacted to give the title compound 
as a yellow oil after purification by flash chromatography (silica gel, 5% 
ethyl acetate in hexane). 

'H NMR (300 MHz, CDC1 3 ): 8 0.98 (t, J = 7.0 Hz, 3H), 1.13 (d, J = 6.7 Hz, 
6H), 1.27 (t, J = 7.0 Hz, 3H), 1.41 (s, 6H), 1.74 (m, 2H), 2.07 (m, 6H), 2.80 
(m, 1H), 3.86 (t, J= 7.0 Hz, 2H), 4.16 (q, J=7.0 Hz, 2H), 5.27 (s, 1H), 5.82 
(s, 1H), 6.34 (dd, J = 15.5, 25.5 Hz, 1H), 6.42 (s, 1H), 6.47 (d, J = 15.5 Hz, 
1H), 6.89 (s, 1H). 
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Ethyl (2E, 4E, 6E)-7-(7-butoxv- 4-isopropvl-2.2-dimethvl-27/-chromen-6- 
vl)-6-fluor o-3-methvl-octa-2.4.6-trienoate (Compound 113) 

Following General Procedure O, ethyl 4-(diethoxyphosphoryl)-3- 
methyl-but-2E-enoate (183 mg, 0.70 mmol) and (2E)-3-(7-butoxy-4- 
isopropyl-2,2-dimethyl-2i/-chromen-6-yl)-2-fluoro-but-2-enal (Compound 
100, 86 mg, 0.24 mmol) were reacted to give the title compound as a yellow 
oil after purification by flash chromatography (silica gel, 5% ethyl acetate in 
hexane). 

J H NMR (300 MHz, CDC1 3 ): 5 0.93 (t, J = 7.0 Hz, 3H), 1 . 1 1 (d, J = 6.7 Hz, 
6H), 1.27 (m, 3H), 1.40 (s, 6H), 1.70 (m, 2H), 2.11 (m, 6H), 2.78 (m, 1H), 
3.86 (t, J = 7.0 Hz, 2H), 4.16 (q, J=7.0 Hz, 2H), 5.27 (s, 1H), 5.82 (s, 1H), 
6.34 (dd, J = 15.5, 25.5 Hz, 1H), 6.42 (s, 1H), 6.47 (d, J = 15.5 Hz, 1H), 
6.89 (s, 1H). 

Ethyl (2E. 4R 6EV7r.r7 -etlioxv.2.2-dimethvl-4-phen-vl--2^--chromen-6-vn-6- 

fluoro-3-methvl-octa-2.4.6-trienoate (Compound 114) 

Following General Procedure O, ethyl 4-(diethoxyphosphoryl)-3- 
methyl-but-2E-enoate (237 mg, 0.90 mmol) and (2E)-3-(7-ethoxy-2,2- 
dimethyl-4-phenyl-2/f-chromen-6-yI)-2-fluoro-but-2-enal (Compound 101, 
113 mg, 0.3 1 mmol) were reacted to give the title compound as a yellow oil 
after purification by flash chromatography (silica gel, 5% ethyl acetate in 
hexane). 

'H NMR (300 MHz, CDC1 3 ): 5 1 .26 (t, J = 7.0 Hz, 3H), 1 .37 (t, J = 7.0 Hz, 
3H), 1.51 (s, 6H), 2.00 (m, 3H), 2.19 (s, 3H), 4.03 (t, J = 7.0 Hz, 2H), 4.13 
(q, J = 7.0 Hz, 2H), 5.48 (s, 1H), 5.82 (s, 1H), 6.37 (d, J = 14.0 Hz, 1H), 
6.40 (m, 1H), 6.48 (s, 1H), 6.70 (s, 1H), 7.32 (m, 5H). 
Ethyl (2E. 4E. 6EV 7-r 2,2-dimethvl-4-phenvl-7-propoxv-2//-chromen-6-vn- 
6-fluoro-3-methvl-octa-2.4.6-trienoate (Compound 115) 
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Following General Procedure O, ethyl 4-(diethoxyphosphoryl)-3- 
methyl-but-2E-enoate (237 mg, 0.83 mmol) and (2E)-3-(2,2-dimethyl-4- 
phenyl-7-propoxy-2^-chromen-6-yl)-2-fluoro-but-2-enal (Compound 102, 
107 mg, 0.29mmol) were reacted to give the title compound as a yellow oil 
after purification by flash chromatography (silica gel, 5% ethyl acetate in 
hexane). 

! H NMR (3 ] 00 MHz, CDC1 3 ): 5 1.00 (t, J = 7.0 Hz, 3H), 1.27 (t, J = 7.0 Hz, 
3H), 1.56 (s, 6H), 1.79(m, 2H), 2.00 (m, 3H), 2.19 (s, 3H), 3.91 (t, J = 7.0 
Hz, 2H), 4.16 (q, J = 7.0 Hz, 2H), 5.48 (s, 1H), 5.82 (s, 1H), 6.37 (d, J = 
14.0 Hz, 1H), 6.40 (m, 1H), 6.48 (s, 1H), 6.70 (s, 1H), 7.32 (m, 5H). 

Ethyl 6-fluoro-7-r7-methoxv-2.2.4-tri methvl-2/7-chromen-6-v1V3-Tr.pth Y ?- 
nona-2E.4 E.6E-trienoate (Compound 116) 

Following General Procedure N, a solution of 2-fluoro-3-(7-methoxy- 
2,2,4-trimethyl-2//-chromen-6-yl)-pent-2-en-l-ol (Compound 90, 171 mg, 
0.56 mmol) in THF, 4-methylmorpholine N-oxide (132 mg, 1.12 mmol) and 
tetrapropylammonium perruthenate (5 mg) were reacted to give the 
corresponding aldehyde, Compound 103. Treatment with the ylide of ethyl 
4-(diethoxyphosphoryl)-3-methyl-but-2E-enoate (1.48 g, 5.60 mmol) 
afforded the title compound as a colorless oil after purification by flash 
chromatography (silica gel, 10% ethyl acetate in hexanes). 
J H NMR (300 MHz, CDC1 3 ): 5 6.80 (s, 1H), 6.50 (d, J = 15.0 Hz, 1H), 6.41 
(s, 1H), 6.28 (dd, J= 15.6, 25.5 Hz, 1H), 5.81 (s, 1H), 5.30 (s, 1H), 4.15 (q, 
J = 7.2 Hz, 2H), 3.75 (s, 3H), 2.41-2.59 (m, 2H), 2.10 (s, 3H), 1.95 (s, 3H), 
1.42 (s, 6H), 1.26 (t, J = 7.2 Hz, 3H), 0.94 (t, J = 7.5 Hz, 3H). 

Ethyl 6-fluoro-7-r4-isopropvl-7-methoxv - 2.2-dimethvl-2/f-chromen-6- Y 1 )- 
3-methvl-n ona-2E.4E.6E-trienoate (Compound 117) 
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Following General Procedure N, (2E)-2-fluoro-3-(4-isopropyl-7- 
methoxy-2,2-dimemyl-2#-chromen-6-yl)-pent-2-en- 1 -ol (Compound 91 , 
1 12 mg, 0.34 mmol) and 4-methylmorpholine N-oxide (80 mg, 0.68 mmol) 
were reacted to give the corresponding aldehyde, Compound 104. 
Treatment with the ylide ofethyl 4-(diethoxyphosphoryl)-3-methyl-but-2E- 
enoate (762 mg, 2.89 mmol) afforded the title compound as a colorless oil 
after purification by flash chromatography (silica gel, 5% ethyl acetate in 
hexanes). 

] H NMR (300 MHz, CDC1 3 ): 8 6.78 (s, 1H), 6.39 (d, J = 15.5 Hz, 1H), 6.30 
(s, 1H), 6.22 (dd, J= 15.5, 25.5 Hz, 1H), 5.74 (s, 1H), 5.21 (s, 1H), 4.07 (q, 
J = 7.2 Hz, 2H), 3.68 (s, 3H), 2.66-2.71 (m, 1H), 2.40-2.59 (m, 2H), 2.01 (s, 
3H), 1.34 (s, 6H), 1.19 (t, J = 7.2 Hz, 3H), 1.04 (d, J = 7.2 Hz, 6H), 0.86 (t, J 
= 7.2 Hz, 3H). 

Ethyl 7-(4-fer/-butvl- 7-methoxv-2.2-dimethvl-2^-chromen-6-vn-6-fluoro- 

3-methvl-n ona-2E.4E.6E-trienoate (Compound 118) 

Following General Procedure N, (2E)-3-(4-fert-butyl-7-methoxy-2,2- 

dimethyl-2//-chromen-6-yl)-2-fluoro-pent-2-en-l-ol (Compound 92, 75 
mg, 0.21 mmol) and 4-methylmorpholine N-oxide (50 mg, 0.42 mmol) were 
reacted to give the corresponding aldehyde, Compound 105. Treatment 
with the ylide ofethyl 4-(diethoxyphosphoryl)-3-methyl-but-2E-enoate (554 
mg, 2.10 mmol) afforded the title compound as a colorless oil after 
purification by flash chromatography (silica gel, 5% ethyl acetate in 
hexanes). 

! H NMR (CDCI3, 300 MHz): 5 7.19 (s, 1H), 6.46 (d, J = 15.5 Hz, 1H), 6.43 
(s, 1H), 6.30 (dd, J= 15.5, 25.5 Hz, 1H), 5.80 (s, 1H), 5.37 (s, 1H), 4.15 (q, 
J = 7.2 Hz, 2H), 3.74 (s, 3H), 2.35-2.40 (m, 2H), 2.05 (s, 3H), 1.32 (s, 6H), 
1.17-1.23 (m, 12H), 0.87 (t, J = 7.2 Hz, 3H). 
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Ethyl 7-(7-ethoxv-2.2.4-trimethv l-2^-chromen-6-vn-6-fliJoro-3-methv1- 
nona-2E.4E.6E-trienoate (Compound 119) 

Following General Procedure N, (2E)-3-(7-ethoxy-2,2,4-trimethyl- 
2#-chromen-6-yl)-2-fluoro-pent-2-en-l-ol (Compound 93, 152 mg, 0.475 
mmol) and 4-methylmorpholine N-oxide (63 mg, 0.57 mmol) were reacted 
to give the corresponding aldehyde, Compound 106. Treatment with the 
ylide ofethyl 4-(diethoxyphosphoryl)-3-methylbut-2E-enoate (2.06 g, 7.82 
mmol) afforded the title compound as a yellow oil after purification by flash 
chromatography (silica gel, 5% ethyl acetate in hexanes). 
'H NMR (300 MHz, CDC1 3 ): 5 6.80 (s, 1H), 6.50 (d, J = 15.0 Hz, 1H), 6.41 
(s, 1H), 6.25 (dd, J= 15.6, 25.5 Hz, 1H), 5.81 (s, 1H), 5.25 (s, 1H), 4.18 (q, 
J = 7.2 Hz, 2H), 4.01 (q, J = 7.2 Hz, 2H), 2.43-2.58 (m, 2H), 2. 10 (s, 3H), 
1 .95 (s, 3H), 1 .45 (s, 6H), 1 .40 (s, 3H), 1.29 (t, J= 7.2 Hz, 3H), 0.89 (t, J = 
7.5Hz,3H). 

7-(4-Ethvl-7-methoxv-2. 2-dimethvl-^-chromen-6-vn-6-fluoro-3-methvl^ 
octa-2E,4E,6E-trienoic acid (Compound 120) Following General 
Procedure G, a solution of ethyl 7-(4-ethyl-7-methoxy-2,2-dimethyl-2/f- 
chromen-6-yl)-6-fluoro-3-methyl-octa-2E,4E,6E-trienoate (Compound 107, 
19 mg, 0.08 mmol) in ethanol and THF was hydrolyzed with 1M NaOH. 

Purification by flash chromatography (silica gel, 75:25 hexane/ethyl acetate) 

afforded the title compound as a white solid. 

'H NMR (CDC1 3 , 300 MHz) 5 1 1.25 (br s, 1H), 6.80 (s, 1H), 6.50 (d, J = 
15.0 Hz, 1H), 6.41 (s, 1H), 6.28 (dd, J= 15.6, 25.5 Hz, 1H), 5.75 (s, 1H), 
5.27 (s, 1H), 3.70 (s, 3H), 2.20-2.37 (m, 2H), 2.05 (s, 3H), 1.95 (d, J = 3.0 
Hz, 3H), 1.42 (s, 3H), 1.38 (s, 6H), 1.05 (t, J = 7.5 Hz, 3H). 
(2E, 4E, 6E)- 6-Fluoro -7-r4-isop ro pyl-7-methoxv-2.2-dimethvl-2//- 
chromen-6-vl)-3-meth vl-octa-2.4.6-trienoic acid (Compound 121). 
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Following General Procedure G, a solution of ethyl (2E, 4E, 6E)-6- 
fluoro-7-(4-isopropyl-7-methoxy-2,2-dimethyl-2i7-chromen-6-yl)-3-methyl- 
oeta-2,4,6-trienoate (Compound 108, 116 mg, 2.71 mmol) in ethanol and 
THF was hydrolyzed with NaOH to yield a yellow oil after purification by 
column chromatography (silica gel, 100% hexane to 5 % to 50 % ethyl 
acetate in hexanesethyl). The resulting oil was recrystallized from 
acetonitrile to produce the title compound as a yellow solid. 
*H NMR (300 MHz, CDC1 3 ): 5 1 . 13 (d, J = 6.4 Hz, 6H), 1 .43 (s, 6H), 2.09 
(m, 6H), 2.78 (m, 1H), 3.79 (s, 3H), 5.29 (s, 1H), 5.87 (s, 1H), 6.32 (dd, J = 
15.5 Hz, J = 25.5 Hz, 1H), 6.44 (s, 1H), 6.47 (d, J = 15.5 Hz, 1H), 6.91 (s, 
1H). 

7-( , 4-?err-Butvl-7-methoxv-2.2-dimethvl-2Jy-chromen-6-vD-6-fluoro-3- 
methvl-octa-2E.4E.6E-trienoic acid (Compound 122) 

Following General Procedure G, a solution of ethyl 7-(4-/er/-butyl-7- 

methoxy-2,2-dimethyl-2//-chromen-6-yl)-6-fluoro-3-methyl-octa-2E,4E,6E- 
trienoate (Compound 109, 32 mg, 0.07 mmol) in ethanol and THF was 
hydrolyzed with 1M NaOH. Purification by flash chromatography (silica 
gel, 75:25 hexane/ethyl acetate) afforded the title compound as a light 
yellow solid. 

'H NMR (300 MHz, CDC1 3 ): 5 1 1.35 (bs, 1H), 7.20 (s, 1H), 6.52 (d, J = 
15.6 Hz, 1H), 6.44 (s, 1H), 6.32 (dd, J = 15.6, 25.5 Hz, 1H), 5.83 (s, 1H), 
5.38 (s, 1H), 3.77 (s, 3H), 2.04-2.09 (m, 6H), 1.42 (s, 6H), 1.25 (s, 9H). 

7-(7-Ethoxv-4-ethvl-2.2-dimethvl-2i7-chromen-6-vn-6-fluoro-3-methvl- 
octa-2E.4E.6E-trienoic acid (Compound 123) 

Following General Procedure G, a solution of ethyl 7-(7-ethoxy-4- 
ethyl-2,2-dimethyl-2if-chromen-6-yl)-6-fluoro-3-methyl-octa-2E,4E,6E- 
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trienoate (Compound 110, 9.0 mg, 0.02 mmol) in ethanol and THF was 
hydrolyzed with 1M NaOH. Purification by flash chromatography (silica 
gel, 75:25 hexane/ethyl acetate) afforded the title compound as a white 
solid. 

J H NMR (300 MHz, CDC1 3 ): 6 1 1.25 (br s, 1H), 6.78 (s, 1H), 6.41 (d, J = 
15.0 Hz, 1H), 6.38 (s, 1H), 6.25 (dd, J = 15.6, 25.5 Hz, 1H), 5.79 (s, 1H), 
5.21 (s, 1H), 4.15 (q, J = 7.8 Hz, 2H), 2.21-2.30 (m, 2H), 2.10 (s, 3H), 2.01 
(d,J = 3.3Hz,3H), 1.35 (s,6H), 1.19 (t, J = 7.8 Hz, 3H), 1.02 (t, J = 7.8 Hz, 
3H). 

(2E, 4E. 6E)-7-r7-Ethoxv-4-isopropvl-2.2-dimethvl-2/f-chromen-6-vn-6- 
fluoro-3-methvl-octa-2.4.6-trienoic acid (Compound 124) 

Following General Procedure G, a solution of ethyl (2E, 4E, 6E)-7-(7- 
ethoxy-4-isopropyl-2,2-dimethyl-2i7-chromen-6-yl)-6-fluoro-3-methyl-octa- 
2,4,6-trienoate (Compound 111, 6 mg, 0.27 mmol) in ethanol and THF was 
hydrolyzed with NaOH to yield a yellow oil after purification by column 
chromatography (silica gel, 100% hexane to 5 % to 50 % ethyl acetate in 
hexanes). The resulting oil was recrystallized from acetonitrile to produce 
the title compound as a yellow solid. 

! H NMR (300 MHz, CDC1 3 ): 5 1.1 1 (d, J = 6.7 Hz, 6H), 1.35 (t, J = 7.0 Hz, 
3H), 1.41 (s, 6H), 2.07 (m, 6H), 2.76 (m, 1H), 3.98 (q, J = 7.0Hz, 2H), 4.16 
(q, J = 7.0 Hz, 2H), 5.27 (s, 1H), 5.85 (s, 1H), 6.34 (dd, J = 15.5, 25.5 Hz, 
1H), 6.42 (s, 1H), 6.47 (d, J = 15.5 Hz, 1H), 6.89 (s, 1H). 
(2E. 4E. 6EV 6-Fluoro-7-r4-isopropvl-2.2-dimethvl-7-propoxv-2#- 
chromen-6-yl)-3-methvl-octa-2.4.6-trienoic acid (Compoundl25) 

Following General Procedure G, a solution of ethyl (2E, 4E, 6E)-6- 
fluoro-7-(4-isopropyl-2,2-dimethyl-7-propoxy-2^-chromen-6-yl)-3-methyl- 
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octa-2,4,6-trienoate (Compound 112, 73 mg, 0.16 mmo) in ethanol and 
THF was hydrolyzed with NaOH to yield the title compound as a yellow 
solid after recrystallized from acetonitrile. 

'H NMR (300 MHz, CDC1 3 ): 5 0.98 (t, J = 7.0 Hz, 3H), 1.13 (d, J = 6.7 Hz, 
6H), 1.41 (s, 6H), 1.74 (m, 2H), 2.07 (m, 6H), 2.80 (m, 1H), 3.86 (t, J = 7.0 
Hz, 2H), 5.27 (s, 1H), 5.82 (s, 1H), 6.34 (dd, J = 15.5 Hz, J = 25.5 Hz, 1H), 
6.42 (s, 1H), 6.47 (d, J = 15.5 Hz, 1H), 6.89 (s, 1H). 
(2E. 4E. 6EV7-f 7-Butoxv-4-isoprop vl-2 .2-dimethvl-2/f-chromen-6-vn-6- 
fluoro-3-methvl-octa-2.4.6-trienoic acid (Compound 126) 

Following General Procedure G, a solution of ethyl (2E, 4E, 6E)-7-(7- 
butoxy-4-isopropyl-2,2-dimethyl-2i7-chromen-6-yl)-6-fluoro-3-methyl- 
octa-2,4,6-trienoate (Compound 113, 95 mg, 0.20 mmol) was hydrolyzed 
with NaOH to yield the title compound as a yellow solid after recrystallized 
from acetonitrile. 

a H NMR (300 MHz, CDC1 3 ): 8 0.93 (t, J = 7.0 Hz, 3H), 1.11 (d, J = 6.7 Hz, 
6H), 1.40 (s, 6H), 1.41 (m, 2H), 1.71 (m, 2H), 2.1 1 (m, 6H), 2.78 (m, 1H), 
3.86 (t, J = 7.0 Hz, 2H), 5.27 (s, 1H), 5.82 (s, 1H), 6.34 (dd, J = 15.5, 25.5 
Hz, 1H), 6.42 (s, 1H), 6.47 (d, J = 15.5 Hz, 1H), 6.89 (s, 1H). 
(2R4E. 6E)-7-(7-Ethoxv-2.2-dimethvl-4-phenvl-2^-chrOmen-6-vn-6- 
fluoro-3-methvl-octa-2.4.6-trienoic acid (Compound 127) 

Following General Procedure G, a solution of ethyl (2E, 4E, 6E)-7-(7- 
ethoxy-2,2-dimethyl-4-phenyl-2/f-chromen-6-yl)-6-fluoro-3-methyl-octa- 
2,4,6-trienoate (Compound 114, 147 mg, 0.31 mmol) was hydrolyzed with 
NaOH to yield a yellow oil after purification by column chromatography 
(silica gel, 100% hexane to 5 % to 50 % ethyl acetate in hexanes). The 
resulting oil was recrystallized from acetonitrile to produce the title 
compound as a yellow solid. 



600 64 PA 



17626 



89 

'H NMR (300 MHz, CDC1 3 ): 5 1.37 (t, J = 7.0Hz,3H), 1.51 (s, 6H),2.00 
(m, 3H), 2.19 (s, 3H), 4.03 (t, J = 7.0 Hz, 2H), 5.48 (s, 1H), 5.82 (s, 1H), 
6.37 (d, J = 14.0 Hz, 1H), 6.40 (m, 1H), 6.48 (s, 1H), 6.70 (s, 1H), 7.32 (m, 
5H). 

r2E,4E 1 6E)-7-( r 2,2-Dimethvl-4-p henvl-7-Dropo XV -2^-chromen-6-vn-6- 
fluoro-3-methvl-octa-2. 4.6-trienoicacid (Compound 128) 

Following General Procedure G, ethyl (2E, 4E, 6E)-7-(2,2-dimethyl- 

4-phenyl-7-propoxy-2i7-chromen-6-yl)-6-fluoro-3-methyl-octa-2,4,6- 
trienoate (Compound 115, 131 mg, 0.27 mmol) was hydrolyzed with 
NaOH to yield a yellow oil after purification by column chromatography 
(silica gel, 100% hexane to 5 % to 50 % ethyl acetate in hexanes). The 
resulting oil was recrystallized from acetonitrile to produce the title 
compound as a yellow solid. 

*H NMR (300 MHz, CDC1 3 ): 5 1 .00 (t, J = 7.0 Hz, 3H), 1.56 (s, 6H), 
L79(m, 2H), 2.00 (m, 3H), 2.19 (s, 3H), 3.91 (t, J = 7.0 Hz, 2H), 5.48 (s, 
IH), 5.82 (s, 1H), 6.37 (s, 1H), 6.40 (m, 1H), 6.48 (s, 1H), 6.70 (s, 1H), 7.32 
(m, 5H). 

6-Fluoro-7- (7-me thox y -2,2.4-trimetlivl-2^-chromen-6-vn-3-metbvl-nnr. a - 
2E.4E.6E-trienoic acid (Compound 129) 

Following General Procedure G, a solution of ethyl 6-fluoro-7-(7- 

methbxy-2,2,4-trimethyl-2^-chromen-6-yl)-3-methyl-nona-2E,4E,6E- 
trienoate (Compound 116, 204 mg, 0,51 mmol) in ethanol and THF was 
hydrolyzed with 1M NaOH. Purification by flash chromatography (silica 
gel, 75:25 hexane/ethyl acetate) afforded the title compound as a light 
yellow solid. 

'H NMR (300 MHz, CDC1 3 ): 5 1 1 .25 (br s, 1H), 6.79 (s, IH), 6.50 (d, J = 
15.5 Hz, IH), 6.42 (s, IH), 6.32 (dd, J = 15.6, 25.5 Hz, IH), 5.83 (s, IH), 
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5.31 (s, 1H), 3.75 (s, 3H), 2.42-2.58 (m, 2H), 2.1 1 (s, 3H), 1.94 (s, 3H), 1.42 
(s, 6H), 0.94 (t, J = 7.5 Hz, 3H). 

6-Fluoro-7-r4-isopr opvl-7-methoxv-2.2-dimethvl-2iy-chromen-6-vlV3- 
methvl-nona-2E.4E.6E-trienoic acid (Compound 130) 

Following General Procedure G, a solution of ethyl 6-fluoro-7-(4- 
isopropy]-7-methoxy-2,2-dimethyl-2i7-chromen-6-yl)-3-methyl-nona- 
2E,4E,6E-trienoate (Compound 117, 86 mg, 0.20 mmol) in ethanol and 
THF was hydrolyzed with 1M NaOH. Purification by flash chromatography 
(silica gel, 75:25 hexane/ethyl acetate) afforded the title compound as a light 
yellow solid. 

! H NMR (300 MHz, CDC1 3 ): 8 11.14 (br s, 1H), 6.85 (s, 1H), 6.51 (d, J = 
15.6 Hz, 1H), 6.44 (s, 1H), 6.30 (dd, J = 15.6, 25.5 Hz, 1H), 5.83 (s, 1H), 
5.28 (s, 1H), 3.75 (s, 3H), 2.71-2.78 (m, 1H), 2.42-2.58 (m, 2H), 2.08 (s, 
3H), 1.42 (s, 6H), 1.1 1 (d, J = 6.0 Hz, 6H), 0.94 (t, J = 7.5 Hz, 3H). 

7-r4-te^- Butvl-7-methoxv-2.2-dimethvl-2^-chromen-6-yl)-6-fluoro-3- 

methvl-nona-2E.4E.6E-trienoicacid (Compound 131) 

Following General Procedure G, a solution of ethyl 7-(4-tert-butyl-7- 
methoxy-2,2-dimethyl-2i/-chromen-6-yl)-6-fluoro-3-methyl-nona- 
2E,4E,6E-trienoate (Compound 118, 54 mg, 0.1 1 mmol) in methanol and 
THF was hydrolyzed with 1M NaOH. Purification by flash chromatography 
(silica gel, 75:25 hexane/ethyl acetate) afforded the title compound as a light 
yellow solid. 

J H NMR (CDC1 3 , 300 MHz) 5 1 1.34 (br s, 1H), 7.19 (s, 1H), 6.51 (d, J = 
15.6 Hz, 1H), 6.45 (s, 1H), 6.33 (dd, J = 15.6, 25.5 Hz, 1H), 5.83 (s, 1H), 
5.38 (s, 1H), 3.76 (s, 3H), 2.40-2.60 (m, 2H), 2.06 (s, 3H), 1.40 (s, 6H), 1.26 
(s, 9H), 0.95 (t, J = 7.5 Hz, 3H), 
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7-r7-Ethoxv-2,2,4-trimetfavl-2i7-chm men-6-vn-6-flno ro-3- m ethv1-r.nn a - 
2E.4E.6E-trienoic acid (Compound 132) 

Following General Procedure G, a solution of ethyl 7-(7-ethoxy- 

2,2,4-trimethyl-2i7-chromen-6-yl)-6-fluoro-3-methyl-nona-2E,4E,6E- 
trienoate (Compound 119, 103 mg, 0.24 mmol) in ethanol and THF was 
hydrolyzed with 1M NaOH. Purification by flash chromatography (silica 
gel, 75:25 hexane/ethyl acetate) afforded the title compound as a white 
solid. 

'H NMR (300 MHz, CDC1 3 ) 5 1 1 .25 (br s, 1H), 6.80 (s, 1H), 6.50 (d, J = 
15.0 Hz, 1H), 6.41 (s, 1H), 6.25 (dd, J = 15.6, 25.5 Hz, 1H), 5.81 (s, 1H), 
5.25 (s, 1H), 4.18 (q, J = 7.2 Hz, 2H), 2.43-2.58 (m, 2H), 2.10 (s, 3H), 1.95 
(s, 3H), 1.45 (s, 6H), 1.40 (s, 3H), 0.89 (t, J = 7.5 Hz, 3H). 
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TABLE 3 

Receptor Transactivation. F«y acv anfi Data fer Fvpmp ^, 

Compounds of Formula R 



Number 


Structure 


RAR Trans. Ff^ n 
nM 

RAR Bind. K, nM 

a p y 


RXR Trans. Er 7n 
nM 

RXR Bind Kj nM 

a p y 


120 




NA NA NA 
4.1k 8.1k >10K 


>10K >10K >10K 
277 2.6k ND 


121 




NA 46 f NA 
692 21k 8.8k 


5 

(5Q) 51 10 
7 33 ND 


122 p 




NA NA NA 
800 1.4k 3.9 k 


5 35 9 
(36) (61) (52) 

11 110 ND 


NA 

1 , NA NA 
123 <TO 

icy, >10 

J | k >10k >10k 


>10k NA ~>Mr 
I \Jl\ | M/-\ "'IK 

833 >10k ND 


124 \ - 


V , NA NA NA 

C£cV 

^ 523 1.0k 3.3k 


MA MA M A 
|M/\ 

6 42 ND 


125 i 


Y , NA NA NA 
^ 12 3 43 


NA NA NA 
8 73 ND 


126 > 


- , NA NA NA 

XXX. 

^ C02H \ 860 522 3.0k 


NA NA NA 
8 59 ND 
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127 


COjH 


245 227 NA 
(26) (17) 

3.7k 1.4k 2.6k 


NA NA NA 
97 554 ND 


128 




14 90 NA 
(25) (22) 

302 388 759 


NA NA NA 
53 289 ND 


129 


COaH 


>10 

' u 563 NA 
R (24) 

177 490 4.7k 


44 843 53 
(99) (151) (108) 

| 69 625 ND 


130 




218 65 NA 
(8) (31) 

133 547 2.7k 


0.5 3.1 0.6 
(80) (73) (86) 

3 24 ND 


1 o 1 




NA 116 NA 
(13) 

837 843 3.3k 


6 64 8 

C^7\ (A7\ /czo\ 
\Of) (oo) 

10 94 ND 


132 




NA 710 NA 
(8) 

148 548 2.4k 


759 >10k >1k 
(15) 

124 1.1k ND 



SECTION C OF SPECIFIC EMBODIMENTS 
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C0 2 R 4 

Formula C 

Formula C discloses a specific class of preferred and exemplary 
compounds of the invention. In Formula C: 

R represents alkyl of 1 to 8 carbons, more preferably alkyl of 1 to 4 

carbons, and most preferably alkyl of 1 to 3 carbons; 

R 1 represents alkyl of 1 to 8 carbons, more preferably alkyl of 1 to 4 

carbons, and most preferably alkyl of 1 to 2 carbons, and 

Rj represents H, alkyl of 1 to 6 carbons, CH 2 OR 5 or CH 2 OCOR 5 where R 5 i 

alkyl of 1 to 3 carbons, or a pharmaceutical^ acceptable salt of said 

compound. 

The synthetic schemes and the experimental procedures for obtaining 
compounds within the scope of Formula C are provided below. 
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19, (R = Me) 

20, (R = Et) 

21, (R=^Pr) 



TPAP 
NMO 



BuLi; DMF 




140, (R = Me, R 1 = Et) 

141, (R = Et, R 1 = Et) 

142, (R = hPr, R 1 = Me) 

143, (R = hPr, R 1 = Et) 




CHO R 1 MgX 



133, (R = Me) 

134, (R = Et) 

135, (R = APr) 




136, (R = Me, R 1 = Et) 

137, (R = Et, R 1 = Et) 

138, (R = APr, R 1 = Me) 

139, (R = APr, R 1 = Et) 
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OR 



Ci 



144, (R =Me, R 1 = Me) 

140, (R = Me, R 1 = Et) 

145, (R =Et, R 1 = Me) 

141, (R = Et, R 1 = Et) 

142, (R = APr, R 1 = Me) 

143, (R = APr, R 1 = Et) 



O 

(OEtfcPy 
F 



.C0 2 Et 



LDA, THF 




C0 2 Et 



146, (R =Me, R 1 = Me) 

147, (R = Me, R 1 = Et) 

148, (R =Et, R 1 = Me) 

149, (R = Et, R 1 = Et) 

150, (R = APr, R 1 = Me) 

151, (R = APr, R 1 = Et) 



DIBAL 




152, (R=Me, R 1 = Me) 

153, (R = Me, R 1 = Et) 

154, (R =Et, R 1 = Me) 

155, (R = Et, R 1 = Et) 

156, (R = Apr, R 1 = Me) 

157, (R = /-Pr, R 1 = Et) 



TPAP, NMQ 




CHO 



158, (R =Me, R 1 = Me) 

159, (R = Me, R 1 = Et) 

160, (R =Et, R 1 = Me) 

161, (R = Et, R 1 = Et) 

162, (R = Apr, R 1 = Me) 

163, (R = /-Pr, R 1 = Et) 



(OEt) 2 P % J^C0 2 Et 



n-BuLi 




164, (R=Me, R 1 = Me) 

165, (R = Me, R 1 = Et) 

166, (R =Et, R 1 = Me) 

167, (R = Et, R 1 = Et) 

168, (R = APr, R 1 = Me) 

169, (R = APr, R 1 = Et) 



NaOH 



C0 2 Et 




C0 2 H 



170, (R=Me, R 1 = Me) 

171, (R = Me, R 1 = Et) 

172, (R =£t, R 1 = Me) 

173, (R = Et, R 1 = Et) 

174, (R = APr, R 1 = Me) 

175, (R = APr, R 1 = Et) 
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8-Chlo r o-7-i.sopropoxy-4-isoDropvl-?9-Hi m ethv1-^^-.hr^^^A 
carbaldehvde (Compound 135) 

To a solution of 6-bromo-8-chloro-7-isopropoxy-4-isopropyI-2,2- 
dimethyl-2#-chromene, (Compound 21, 3.9 g, 10.3 mmol) in diethyl' ether 
(100 mL) at -78 °C was added n-butyllithium (1.6 Min hexanes, 1 0.3 mL, 
16.5 mmol). After stirring at -78 °C for 20 min, the reaction mixture was ' 
quenched with DMF (10 mL). After further stirring at -78 °C for 15 min, 
the reaction was allowed to warm to room temperature. The reaction 
mixture was poured into IN HCl and extracted with ethyl acetate. The 
combined organic layers were washed with water and brine, dried (MgS0 4 ), 
filtered, and concentrated under reduced pressure. The crude residue was 
purified by flash chromatography (silica gel, 100 % hexanes to 2 % ethyl 
acetate in hexanes) to afford the title compound as a colorless oil. 
] H NMR (300 MHz, CDC1 3 ): 5 10.25 (s, 1H), 7.68 (s, 1H), 5.47 (s, 1H), 
4.62 (sept, J = 6.1 Hz, 1H), 2.90 (sept, J = 6.7 Hz, 1H), 1.48 (s, 6H), 1.39 (d, 
J = 6.1 Hz, 6H), 1.15 (d, J = 6.7 Hz, 6H). 

l-f8-Chloro-7-isopropoxv-4-isopronvl-7 7-Hi n i ethvl-2^-nhrn^^.-A_ y]) 
ethanpj (Compound 138) General Procedure P 

To a solution of 8-chloro-7-isopropoxy-4-isopropyl-2,2-dimethyl-2#- 
chromene-6-carbaldehyde, (Compound 135, 0.97 g, 3.0 mmol) in THF (15 
mL) at was added methylmagnesium chloride (3M in THF, 1.6 mL, 4.8 
mmol). After stirring at 0 °C for 30 min, the reaction was quenched with IN 
HCl. The resulting mixture was diluted with water, extracted with ethyl 
acetate. The combined organic layers were washed with water and brine, 
dried (MgS0 4 ), filtered, and concentrated under reduced pressure to give the 
title compound as a yellow foam. 
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l H NMR (300 MHz, CDC1 3 ): 5 7.21 (s, 1H), 5.35 (s, 1H), 5. 18 (q, J = 6.4 

Hz, lH), 4.55 (sept, J = 6.2 Hz, 1H), 2.83 (sept, J = 6.7 Hz, 1H), 1.39 (d, J = 

6.4 Hz, 3H), 1.37 (s, 6H), 1.28 (d, J = 6.2 Hz, 6H), 1.10 (d, J = 6.7 Hz, 6H). 

l-(8-Chloro-7-isopropoxv-4-isopropvl-2.2-dimethvl-2i/-chromene-6-vlV 
propan-l-ol (Compound 139) 

As described in General Procedure P, 8-chloro-7-isopropoxy-4- 
isopropyl-2,2-dimethyl-2//-chromene-6-carbaldehyde, (Compound 135, 
0.98 g, 3.05 mmol) was treated with ethylmagnesium bromide (3 M in ether, 
1.6 mL, 4.9 mmol) to give rise to the title compound as a yellow foam. 
'H NMR (300 MHz, CDC1 3 ): 5 7.20 (s, 1H), 5.39 (s, 1H), 4.96 (t, J = 6.5 
Hz, 1H), 4.60 (sept, J = 6.2 Hz, 1H), 2.86 (sept, J = 6.9 Hz, 1H), 2.01 (s, 
OH), 1.85-1.63 (m, 2H), 1.44 (s, 3H), 1.42 (s, 3H), 1.32 (d, J = 6.2 Hz, 3H), 
1 .36 (d, J = 6.2 Hz, 3H), 1 . 14 (d, J = 6.7 Hz, 6H), 0.96 (t, J = 7.5 Hz, 3H). 
l-(8-Chloro-4-isopropvl-7-methoxv-2.2-dimethvl-2Jy-chromen-6-vn- 
propan-l-one (Compound 140) Following General Procedure I, 6-bromo-8- 
chloro-4-isopropyl-7-methoxy-2,2-dimethyl-277-chromene (Compound 19, 
660 mg, 1.91 mmol) afforded the title compound as a colorless oil. 
! H NMR (300 MHz, CDC1 3 ): 8 7.53 (s, 1H), 5.43 (s, 1H), 3.89 (s, 3H), 3.01 
(q, J = 7.3 Hz, 2H), 2.84-2.87 (m, 1H), 1.55 (s, 6H), 1.17-1.20 (m, 9H). 

l-(8-Chloro-4-isopropyl-7-ethoxv-2.2-dimethvl-2i7-chromen-6-vn-prop an- 
1-one (Compound 141) 

Following General Procedure I, 6-bromo-8-chloro-4-isopropyl-7- 
ethoxy-2,2-dimethyl-2//-chromene (Compound 20, 965 mg, 2.68 mmol) 
afforded the title compound as a colorless oil. 
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'H NMR (300 MHz, CDC1 3 ): 8 7.49 (s, 1H), 5.43 (s, 1H), 4.05 (q, J = 7.3 
Hz, 2H), 3.02 (q, J= 7.3 Hz, 2H), 2.84-2.87 (m, 1H), 1.44-1.47 (m, 9H), 
1.16-1.20 (m,9H). 

l-(8-Chloro-7-isopropoxv-4-isoprop Yl-2.2-dimef.hvl-2^-chrom ft n ft -6- Y n- 
ethanone (Compound 142) 

Following General Procedure M, l-(8-chloro-7-isopropoxy-4- 
isopropyl-2,2-dimethyl-2^-chromene-6-yl)-ethanol (Compound 138, 0.92 
g, 2.7 mmol), tetrapropylammoniumperrunthenate (TPAP, 0.047 g, 0.14 
mmol), and 4-methylmorpholine N-oxide (NMO, 0.47 g, 4. 1 mmol) were 
reacted to give the title compound as a yellow oil. 

J H NMR (300 MHz, CDC1 3 ): 5 7.40 (s, 1H), 5.39 (tar s, 1H), 4.42 (sept, J = 
6.1Hz, 1H), 2.82 (sept, J = 6.7 Hz, 1H), 2.57 (s, 3H), 1.41 (s, 6H), 1.26(d,J 
= 6. 1 Hz, 6H), 1 .09 (d, J = 6.7 Hz, 6H). 

:l-(8-Chloro-7-isopropoxv-4-isop ro pvl - 2.2-dimethvl-2/f-chromene-6-y l )- 
jpropan-l-one (Compound 143) 

Following General Procedure M, l-(8-chloro-7-isopropoxy-4- 
isopropyl-2,2-dimethyl-2^-chromene-6-yl)-propan- 1 -ol (Compound 139, 
1.05 g, 2.96 mmol) and 4-methylmorpholine N-oxide (520 mg, 4.44 mmol) 
were reacted to give the title compound as a yellow oil. 
'H NMR (300 MHz, CDC1 3 ): 5 7.31 (s, 1H), 5.39 (s, 1H), 4.36 (sept, J = 6.2 
Hz, 1H), 2.97 (q, J = 7.2 Hz, 2H), 2.81 (sept, J = 6.7 Hz, 1H), 1.41 (s, 6H), 
1 .24 (d, J = 6.2 Hz, 6H), 1 . 1 1 (t, J = 7.2 Hz, 3H), 1 .09 (d, J = 6.7 Hz, 6H). 

l-(8-Chlor o-4-isopropvl-7-methoxv-2.2-dimethvl- 2^-chromen-6- Y l)- 
ethanone (Compound 144) 

Following General Procedure H, 6-bromo-8-chloro-4-isopropyl-7- 
methoxy-2,2-dimethyI-2i7-chromene (Compound 19, 410 mg, 1.19 mmol) 
afforded the title compound as a light yellow oil. 
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l H NMR (300 MHz, CDC1 3 ): 5 7.60 (s, 1H), 5.42 (s, 1H), 3.90 (s, 3H), 2.81- 
2.84 (m, 1H), 2.60 (s, 3H), 1.43 (s, 6H), 1.14 (d, J = 6.8 Hz, 6H). 

l- ( 8 -Chloro-4-isopropv]-7-ethoxv-2.2-dimethvl-2iy-chromen-6-vlVethanone 
(Compound 145) 

Following General Procedure H, 6-bromo-8-chloro-4-isopropyl-7- 
ethoxy-2,2-dimethyl-2#-chromene (Compound 20, 1.70 g, 4.73 mmol) 
afforded the title compound as a colorless oil. 

'H NMR (300 MHz, CDC1 3 ): 57.60 (s, 1H), 5.42 (s, 1H), 4.06 (q, J = 7.0 
Hz, 2H), 2.83-2.87 (m/lH), 2.60 (s, 3H), 1.43-1.45 (m, 9H), 1.14 (d, J = 6.8 
Hz, 6H). 

Ethyl (2E)-3-r8-chlo ro-4-isoDropvl-7-methoxv-2.2-dimethvl-2i^-chromen- 
6-yl)-2-fluoro-but-2-enoate (Compound 146) 

Following General Procedure K, triethyl-2-fluoro-2-phosphonoacetate 
(0.2 mL, 1.07 mmol) and l-(8-chloro-4-isopropyl-7-methoxy-2,2-dimethyl- 
2#-chromen-6-yl)-ethanone (Compound 144, 930 mg, 2.88 mmol) were 
reacted to give the title compound as a light yellow oil after purification by 
flash chromatography (silica gel, 1:9 ethyl acetate/hexane). 
'H NMR (300 MHz, CDC1 3 ): 5 6.80 (s, 1H), 5.40 (s, 1H), 4.07 (q, J = 7.3 
Hz, 2H), 3.80 (s, 3H), 2.78-2.82 (m, 1H), 2. 13 (d, J = 4.4 Hz, 3H), 1 .44 (s, 
6H), 1.10-1.18 (m,9H). 

Ethyl (2E)-3-(8-chlor o-4-isopropvl-7-methoxv-2.2-dimethvl-2^-chromen- 

6-yl)-2-fluoro-pent-2-enoate (Compound 147) 

Following General Procedure K, triethyl-2-fluoro-2-phosphonoacetate 

(0.4 mL, 2.14 mmol) and l-(8-chloro-4-isopropyl-7-methoxy-2,2-dimethyl- 
2#-chromen-6-yl)-propan-l-one (Compound 140, 229 mg, 0.71 mmol) 
were reacted to give the title compound as a yellow oil after purification by 
flash chromatography (silica gel, 1:9 ethyl acetate/hexane). 
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! H NMR (300 MHz, CDC1 3 ): 5 6.76 (s, 1H), 5.40 (s, IH), 4.04 (q, J = 7.0 
Hz, 2H), 3.77 (s, 3H), 2.76-2.80 (m, 3H), 1.45 (s, 6H), 1.14 (d, J = 6.8 Hz, 
6H),0.97-L02(m, 6H). 

Ethyl ('2EV3-( r 8-chloro-4-isopropvl-7-ethoxv-2.2-dimethvl-2//-chromen-6- 
vl)-2-fluoro-but-2-enoate (Compound 148) 

Following General Procedure K, triethyl-2-fluoro-2-phosphonoacetate 
(1.8 mL, 8.64 mmol) and l-(8-chloro-4-isopropyl-7-ethoxy-2,2-dimethyl- 
2//-chromen-6-yl)-ethanone (Compound 145, 930 mg, 2.88 mmol) were 
reacted to give the title compound as a colorless oil after purification by 
flash chromatography (silica gel, 1 :9 ethyl acetate/hexane). 
! H NMR (300 MHz, CDC1 3 ): 5 6.80 (s, 1H), 5.40 (s, 1H), 4.06 (q, J = 7.0 
Hz, 2H), 3.92 (q, J = 7.0 Hz, 2H), 2.78-2.82 (m, 1H), 2.18 (d, J = 4.4 Hz, 
3H), 1.42-1.47 (m, 9H), 1.12-1.16 (m, 6H). 

Ethyl (2E)-3-(8-chloro-4-isopropvl-7-ethoxy-2,2-dimethvl-2i7-chromen-6- 
yl)-2-fluoro-pent-2-enoate (Compound 149) Following General Procedure 
K, triethyl-2-fluoro-2-phosphonoacetate (0.14 mL, 0.67 mmol) and l-(8- 
chloro-4-isopropyl-7-ethoxy-2,2-dimethyl-2i!/-chromen-6-yl)-propan-l-one 
(Compound 141, 75 mg, 0.23 mmol) were reacted to give the title 
compound as a yellow oil after purification by flash chromatography (silica 
gel, 1:9 ethyl acetate/hexane). 

*H NMR (300 MHz, CDC1 3 ): 5 6.76 (s, 1H), 5.39 (s, 1H), 3.98-4.02 (m, 4H), 
2.74-2.76 (m, 3H), 1.45 (s, 6H), 1.36 (t, J = 7.1 Hz, 3H), 1.14 (d, J = 6.8 Hz, 
6H), 0.99-1.02 (m, 6H). 

r2EV3-(8-Chloro-4-isoproDvl-7-methoxv-2,2-dimethyl-2i^-chromen-6-yl)- 
2-fluoro-but-2-en- 1 -ol (Compound 152) 

Following General Procedure L, ethyl 3-(8-chloro-4-isopropyl-7- 
methoxy-2,2-dimethyl-2i/-chromen-6-yl)-2-fluoro-but-2-enoate 
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(Compound 146, 110 mg, 0.28 mmol) and diisobutylaluminum hydride 
(1M in hexanes, 1.1 mL, 1.1 mmol) were reacted to give the title compound 
as a colorless oil after purification by flash chromatography (silica gel, 1 :9 
to 1:4 ethyl acetate/hexane). 

*H NMR (300 MHz, CDC1 3 ): 5 6.90 (s, 1H), 5.41 (s, 1H), 3.98-4.03 (m, 2H), 
3.76 (s, 3H), 2.78-2.82 (m, 1H), 2.35 (t, J = 6.4 Hz, 1H), 2.02 (d, J = 4.0 Hz, 
3H), 1.45 (s, 6H), 1.14 (d, J = 6.8 Hz, 6H). 

r2E)-3-r8-Chloro-4-isopropyl-7-methoxv-2,2-dimethvl-2//-chromen-6-vl)- 
2-fluoro-pent-2-en- 1 -ol (Compound 153) 

Following General Procedure L, ethyl 3-(8-chloro-4-isopropyl-7- 
methoxy-2,2-dimethyl-I-chromen-6-yl)-2-fluoro-pent-2-enoate (Compound 
147, 242 mg, 0.59 mmol) and diisobutylaluminum hydride (1M in hexanes, 
2.4 mL, 2.4 mmol) were reacted to give the title compound as a colorless oil 
after purification by flash chromatography (silica gel, 1:9 to 1:4 ethyl 
acetate/hexane). 

l H NMR (300 MHz, CDC1 3 ): 6 6.87 (s, 1H), 5.42 (s, 1H), 3.98-4.03 (m, 2H), 
3.78 (s, 3H), 2.78-2.82 (m, 1H), 2.48 (s, 1H), 2.2S (t, J = 6.6 Hz, 1H), 1.45 
(s, 6H), 1.14 (d, J = 6.8 Hz, 6H), 1.19 (t, J = 6.8 Hz, 3H). 
r2E>-3-(8-Chloro-4-isopropyl-7-ethoxv-2.2-dimethvl-2i/-chromen-6-vl)-2- 
fluoro-but-2-en- 1 -ol (Compound 154) 

Following General Procedure L, ethyl 3-(8-chloro-4-isopropyl-7- 
ethoxy-2,2-dimethyl-27f-chromen-6-yl)-2-fluoro-but-2-enoate (Compound 
148, 2.04 g, 5.66 mmol) and diisobutylaluminum hydride (1M in hexanes, 
1 1.7 mL, 11.7 mmol) were reacted to give the title compound as a colorless 
oil after purification by flash chromatography (silica gel, 1 :9 to 1 :4 ethyl 
acetate/hexane) . 



600 64 PA 



17626 



103 



l H NMR (300 MHz, CDC1 3 ): 5 6.90 (s, 1H), 5.42 (s, 1H), 3.97-4.05 (m, 4H), 
2.78-2.82 (m, 1H), 2.55 (t, J = 6.3 Hz, 1H), 2.00 (d, J = 4.0 Hz, 3H), 1.42 (s, 
6H), 1.40 (t, J = 7.3 Hz, 3H), 1.14 (d, J = 6.8 Hz, 6H). 
r2E)-3-(8-Chloro-4-isopropvl-7-ethoxv-2,2-dimethvl-2i/-chrQmen-6-yl > )-2- 
fluoro-pent-2-en- l-ol (Compound 155) 

Following General Procedure L, ethyl 3-(8-chloro-4-isopropyl-7- 
ethoxy-2,2-dimethyl-2i/-chromen-6-yl)-2-fluoro-pent-2-enoate (Compound 
149, 79 mg, 0.19 mmol) and diisobutylaluminum hydride (1M in hexanes, 
1 .4 mL, 1 .4 mmol) were reacted to give the title compound as a colorless oil 
after purification by flash chromatography (silica gel, 1:9 to 1 :4 ethyl 
acetate/hexane). 

! H NMR (300 MHz, CDCI3): 5 6.88 (s, 1H), 5.41 (s, 1H), 3.97-4.05 (m, 4H), 
2.78-2.82 (m, 1H), 2.56-2.60 (m, 2H), 2.41 (t, J = 6.5 Hz, 1H), 1.45 (s, 6H), 
1.39 (t, J = 7.1 Hz, 3H), 1.14 (d, J = 6.8 Hz, 6H), 0.97 (t, J = 7.6 Hz, 3H). 
r2E)-3-(8-Chloro-7-isopropoxy-4-isopropvl-2 <> 2-dimethvl-2// L chromen-6- 
yl V2-fluoro-but-2-en- 1 -ol (Compound 156) Following General Procedure 
K, triethyl-2-fluoro-2-phosphonoacetate (1.6 mL, 7.9 mmol) and l-(8- 
chloro-7-isopropoxy-4-isopropyl-2,2-dimethyl-2//-chromene-6-yl)-ethanone 
(Compound 142, 885 mg, 2.63 mmol) were reacted to give the ester 
(Compound 150) as a yellow oil after purification by flash chromatography 
(silica gel, 5 % ethyl acetate in hexanes). Following General Procedure L, 
the resulting ester (Compound 150) and diisobutylaluminum hydride (1M 
in hexanes, 8.1 mL, 8.08 mmol) were reacted to give the title compound as a 
white solid after purification by flash chromatography (silica gel, 10 % ethyl 
acetate in hexanes). 



600 64 PA 



17626 



104 



! H NMR (300 MHz, CDC1 3 ): 5 1.12 (d, J = 6.7 Hz, 6 H) 1.25 (br s, 6 H) 
1.43 (s, 6 H) 1.99 (d, J = 3.5 Hz, 3H) 2.70-2.84 (m, 2 H) 3.89-4.07 (m, 2 H) 
4.37 (sept, J = 6.2 Hz, 1 H) 5.40 (br s, 1 H) 6.90 (s, 1 H). 

r2E)-3-f8-Chloro-7-isopropoxv-4-isopropvl-2,2-dimethvl-2i/ : -chromen-6- 
vl)-2-fluoro-pent-2-en- 1 -ol (Compound 157) 

Following General Procedure K, triethyl-2-fluoro-2-phosphonoacetate 
(1.6 mL, 7.9 mmol) and l-(8-chloro-7-isopropoxy-4-isopropyl-2,2- 
dimethyl-2^-chromene-6-yl)-propan-l-one (Compound 143, 1.22 g, 3.48 
mmol) were reacted to give the ester (Compound 151) as a yellow oil after 
purification by flash chromatography (silica gel, 10 % ethyl acetate in 
hexanes). Following General Procedure L, the ester (Compound 151) and 
diisobutylaluminum hydride (1M in hexanes, 9.4 mL, 9.4 mmol) were 
reacted to give the title compound as a white solid after purification by flash 
chromatography (silica gel, 10 % ethyl acetate in hexanes). 
*H NMR (300 MHz, CDC1 3 ): 5 0.97 (t, J = 7.6 Hz, 3 H), 1 . 1 1 (d, J - 6.8 Hz, 
6 H), 1.24 (d, J = 6.0 Hz, 6 H), 1.43 (s, 6 H), 2.26-2.33 (m, 1 H), 2.58-2.66 
(m, 1 H), 2.77 (sept, J= 6.8 Hz, 1 H), 3.91-4.1 1 (m, 2 H), 4.42 (sept, J = 6.0 
Hz, 1 H), 5.38 (s, 1 H), 6.87 (s, 1 H). 

(2EV3-r8-Chloro-7-isopropoxv-4-isopropvl-2.2-dimethvl-2/f-chromen-6- 
yl)-2-fluoro-but-2-enal (Compound 162) 

Following General Procedure M, 3-(8-chloro-7-isopropoxy-4- 
isopropyl-2,2-dimethyl-2//-chromen-6-yl)-2-fluoro-but-2-en- 1 -ol 
(Compound 156, 0.74 g, 1.9 mmol), tetrapropylammoniumperrunthenate 
(TPAP, 0.034g, 0.10 mmol), and 4-methylmorpholine N-oxide (NMO, 
0.34g, 2.9 mmol) were reacted to give the title compound as a pale yellow 
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solid after purification by flash chromatography (silica gel column, 20% 
ethyl acetate in hexanes). 

l U NMR (300 MHz, CDC1 3 ): 5 ppm 1.14 (d, J = 6.5 Hz, 6 H), 1.23 (br s, 6 
H), 1.47 (s, 6 H), 2.25 (d, J = 3.8 Hz, 3H), 2.76 (sept, J = 6.5 Hz, 1H), 4.44- 
(sept, J = 6.7 Hz, 1 H), 5.45 (s, 1 H), 6.92 (s, 1 H), 9.31 (d, J - 19.4 Hz, 
CHO). 

(2E)-3-(8-Chloro-7-isopropoxv-4-isopropvl-2,2-dimethyl-2ij r -chromen-6-- 
yl)-2-fluoro-pent-2-enal (Compound 163) 

Following General Procedure M, 3~(8-chloro-7-isopropoxy-4- 
isopropyl-2,2-dimethyl-2i7-chromen--6-yl)-2-fluoro-pent-2-en- 1 -ol 
(Compound 157, 0.90 g, 2.26 mmol), tetrapropylammonium perrunthenate 
(TPAP, 0.04 g, 0.1 1 mmol), and 4-methylmorpholine N-oxide (NMO, 0.40 
g, 3.4 mmol) were reacted to give the title compound as a pale yellow solid 
after purification by flash chromatography (silica gel, 10% ethyl acetate in 
hexanes). 

*H NMR (300 MHz, CDC1 3 ): 5 ppm 1 .02 (t, J = 7.6 Hz, 3 H), 1 . 13 (d, J = 
6.6 Hz, 3 H), 1. 14 (d, J = 6.6 Hz, 3 H), 1 .. 19 (d, J = 6.2 Hz, 3 H), 1 .29 (d, J - 
6.2 Hz, 3 H), 1.47 (s, 3 H), 1.48 (s, 3 H), 2.91-2.57 (m, 3 H), 4.51 (sept, J = 
6.0 Hz, 1 H), 5.45 (s, 1 H), 6.88 (s, 1 H), 9.33 (d, J = 19.4 Hz, 1H). 
Ethyl 7-(8-chloro-4-isopropyl-7-me1hoxv-2,2-dimethvl-2iy-chromen-6"Vl)- 
6-fluorO"3-methvl-octa-2E,4E,6E-trienoate (Compound 164) 

Following General Procedure N, a solution of 3-(8-chloro-4- 
isopropyl-7-methoxy-2,2-dimethyl-2^-chromen»6-yl)-2-fluoro-but-2-en--l- 
ol (Compound 152, 50 mg, 0.14 mmol) in THF was treated with 4- 
methylmorpholine N-oxide (33 mg, 0.28 mmol) and tetrapropylammonium 
perruthenate (10 mg) to give the corresponding aldehyde, Compound 158. 
Treatment with the ylide ofethyl 4-(diethoxyphosphoryl)-3-methyl-but-2E- 
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enoate (149 mg, 0.57 mmol) afforded the title compound as a light yellow 
solid after purification by flash chromatography (silica gel, 10% ethyl 
acetate in hexanes). 

! H NMR (300 MHz, CDC1 3 ): 6 6.85 (s, 1H), 6.56 (d, J - 15.3 Hz, 1H), 6.24- 
6.38 (m, 1H), 5.85 (s, 1H), 5.42 (s, 1H), 4.17 (q, J = 7.3 Hz, 2H), 3.70 (s, 
. 3H), 2.70-2.78 (m, 1H), 2.1 (s, 6H), 1.54 (s, 6H), 1.28 (t, J = 7.3 Hz, 3H), 
1.14 (d, J = 6.8 Hz, 6H). 

Ethyl 7-r8-chloro-4-isopropvl-7-methoxv-2,2-dimethvl-2iy-chromen-6-vl)- 
6-fluoro-3-methyl-nona-2E,4E,6E-trienoate (Compound 165) 

Following General Procedure N, a solution of 3-(8-chloro-4- 
isopropyl-7-methoxy-2,2-dimethyl-2i/-chromen-6-yl)-2-fluoro-pent-2-en-l- 
ol (Compound 153, 180 mg, 0.49 mmol) in THF was treated with 4- 
methylmorpholine N-oxide (1 14 mg, 0.97 mmol) and tetrapropylammonium 
perruthenate (20 mg) to give the corresponding aldehyde (Compound 159). 
Treatment with the ylide ofethyl 4-(diethoxyphosphoiyl)-3-methyl-but-2E- 
enoate (517 mg, 7.96 mmol) afforded the title compound as a light yellow 
oil after purification by flash chromatography (silica gel, 10% ethyl acetate 
in hexanes). 

*H NMR (300 MHz, CDC1 3 ):5 6.81 (s, 1H), 6.56 (d, J = 15.8 Hz, 1H), 6.20- 
6.34 (m, 1H), 5.85 (s, 1H), 5.42 (s, 1H), 4.16 (q, J = 7.3 Hz, 2H), 3.70 (s, 
3H), 2.65-2.81 (m, 2H), 2.50 (s, 1H), 2.09 (s, 3H), 1.51 (s, 3H), 1.43 (s, 3H), 
1 .28 (t, J = 7.3 Hz, 3H), 1.12 (s, 6H), 0.96 (d, J = 7.3 Hz, 3H). 
Ethyl 7-(8-chloro-4-isopropvl-7-ethoxv-2,2-dimethyl-2//-chromen-6-vl)-6- 
fluoro-3-methvl-octa-2E % 4E,6E-trienoate (Compound 166) 

Following General Procedure N, a solution of 3-(8-chloro-4- 
isopropyl-7-ethoxy-2,2-dimethyl-27/-chromen-6-yl)-2-fiuoro-but-2-en-l-ol 
(Compound 154, 867 mg, 2.34 mmol) in THF was treated with 4- 
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methylmorpholine N-oxide (548 mg, 4.69 mmol) and tetrapropylammonium 
perruthenate (50 mg) to give the corresponding aldehyde (Compound 160). 
Treatment with the ylide ofethyl 4-(diethoxyphosphoryl)-3-methyl-but-2E- 
enoate (2.07 g, 7.86 mmol) afforded the title compound as a yellow solid 
after purification by flash chromatography (silica gel, 10% ethyl acetate in 
hexanes). 

'H NMR (300 MHz, CDC1 3 ): 6 6.85 (s, 1H), 6.56 (d, J = 15.3 Hz, 1H), 6.25- 
6.40 (m, 1H), 5.85 (s, 1H), 5.40 (s, 1H), 4.18 (q, J = 7.3 Hz, 2H), 3.95 (s, 
3H), 2.72-2.80 (m, 1H), 2.10 (s, 6H), 1.56 (s, 6H), 1.22-1.36 (m, 6H), 1.14 
(d, J = 6.8 Hz, 6H). 

Ethyl 7-r8-chloro-4-isopropvl-7-ethoxv-2.2-dimethvl-2^-chromen-6-vn-6- 
fluoro-3-methvl-nona-2E.4E.6E-trienoate (Compound 167) 

Following General Procedure N, a solution of 3-(8-chloro-4- 
isopropyl-7-ethoxy-2,2-dimethyl-2^-chromen-6-yl)-2-fluoro-pent-2-en- 1 -ol 
(Compound 155, 49 mg, 0.13 mmol) in THF was treated with 4- 
methylmorpholine N-oxide (30 mg, 0.26 mmol) and tetrapropylammonium 
perruthenate (15 mg) to give the corresponding aldehyde (Compound 161). 
, Treatment with the ylide ofethyl 4-(diethoxyphosphoryl)-3-methyl-but-2E- 
enoate (122 mg, 0.46 mmol) afforded the title compound as a light yellow 
solid after purification by flash chromatography (silica gel, 10% ethyl 
acetate in hexanes). 

'H NMR (300 MHz, CDC1 3 ): 5 6.80 (s, 1H), 6.56 (d, J = 15.5 Hz, 1H), 6.20- 
6.34 (m, 1H), 5.84 (s, 1H), 5.40 (s, 1H), 4.16 (q, J = 7.3 Hz, 2H), 3.82-4.00 
(m, 2H), 2.70-2.76 (m, 2H), 2.51 (s, 1H), 2.09 (s, 3H), 1.50 (s, 3H), 1.42 (s, 
3H), 1 .25- 1 .35 (m, 6H), 1 . 1 0- 1 . 1 5 (m, 6 H), 0.97 (d, J = 7.4 Hz, 3H). 
Ethyl 7-(8-chloro-7-isopropoxv-4-isoproDvl-2.2-dimethvl-2//-chromen-6- 
yl)-2-fluoro-3-methvl-octa-2B.4E.6E-trienoate (Compound 168) 
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Following General Procedure O, a solution of (2E)-3-(8-chloro-7- 
isopropoxy-4-isopropyl-2,2-dimethyl^ 

(Compound 162, 0.63 g, 1.7 mmol) in THF was added to the ylide of ethyl 
4-(diethyoxyphosphoryl)-3-methylbut-2E-enoate (1.1 g, 4.1 mrnol) to give 
the title compound as a yellow oil after purification by flash 
chromatography (silica gel, 1% to 5% ethyl acetate in hexanes). 
*H NMR (300 MHz, CDC1 3 ): 5 6.83 (s, 1H) 6.52 (d, J - 16.0 Hz, 1H), 6.37 
(dd, J = 25.0, 16.0 Hz, 1H), 5.84 (s, 1H), 5.39 (s, 1H), 4.39 (sept, J = 6.5 Hz, 
1H), 4.14 (q, J = 7.1 Hz, 2H), 2.74 (sept, J = 6.6 Hz, 1H), 2.10 (s, 6H), 1.50 
(s, 3H), 1.38 (s, 3H), 1.25 (t, J = 7.1 Hz, 3H), 1.30 - 1.04 (m, 12H). 
Ethyl 7-( 8-chloro-7-isopropoxv-4-isopropvl-2,2-dimethyl-2if-chromen-6- 
yl)-2-fluoro-3'-methvl-nona"2E,4E,6E-trienoate (Compound 169) 

Following General Procedure O, a solution of (2E)-3-(8-chloro-7- 
isopropoxy-4-isopropyl-2,2-dimethyl-2//-chromen-6-yl)-2-fluoro-pent-2- 
enal (Compound 163, 0.86 g, 2.17 mmol) in THF was added to the ylide of 
ethyl 4-(diethyoxyphosphoryl)-3-methylbut-2E-enoate (1,43 g, 5.42 mmol) 
to give the title compound as a yellow foam after purification by flash 
chromatography (silica gel, 1% to 5% to 10% ethyl acetate in hexanes). 
*H NMR (300 MHz, CDC1 3 ): 5 6.81 (s, 1H), 6.56 (d, J = 15.6 Hz, 1H), 6.36 
(dd, J = 25.2, 16.0 Hz, 1H), 5.86 (s, 1H), 5.42 (s, 1H), 4.44 (sept, J = 6.2 Hz, 
1H), 4.16 (q, J - 7.1 Hz, 2H), 2.84-2.71 (m, 1H), 2.77 (sept, J = 6.7 Hz, 1H), 
2.51-2.38 (m, 1H), 2.1 1 (s, 3H), 1.53 (s, 3H), 1.41 (s, 3H), 1.28 (t, J = 7.3 
Hz,3H), 1.25 (d, J = 6.2 Hz, 3 H), 1.18 (d, J = 6.2 Hz, 3 H), 1.15 (d, J = 6.7 
Hz, 3 H), 1 . 10 (d, J = 6.7 Hz, 3 H), 0.93 (t, J = 7.5 Hz, 3 H). 
7-(8-Chloro-4-isopropvl-7-methoxv-2,2-dimethvl-2i7-chromen-6-yl)-6- 
fluoro-3-methvl-octa-2E.4E,6E-trienoic acid (Compound 170) 
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Following General Procedure G, a solution of ethyl 7-(8-chloro-4- 
isopropyl-7-methoxy-2,2-dimethyl-2//-chromen-6-yl)-6-fluoro-3-methyl- 
octa-2E,4E,6E-trienoate (Compound 164, 38 mg, 0.082 mmol) in ethanol 
and THF was hydrolyzed with 1M NaOH to give rise to the title compound 
as a white solid. 

'HNMR^OOMHz, CDC1 3 ): 5 11.35 (brs, 1H), 6.85 (s, 1H), 6.53 (d, J = 
15.2 Hz, 1H), 6.33-6.42 (m, 1H), 5.88 (s, 1H), 5.42 (s, 1H), 3.75 (s, 3H), 
2.75-2.80 (m, 1H), 2.1 1 (s, 6H), 1.14 (d, J = 6.8 Hz, 6H), 1.45 (s, 6H). 
7-r8-Chloro-4-isopropvl-7-methoxv-2.2-dimethvl-2//-chromen-6-vl)-6- 
fluoro-3-methvl-nona-2E.4E.6E-trienoic acid (Compound 171) 

Following General Procedure G, a solution of ethyl 7-(8-chloro-4- 
isopropyl-7-methoxy-2,2-dimethyl-2//-chromen-6-yl)-6-fluoro-3-methyl- 
nona-2E,4E,6E-trienoate (Compound 165, 179 mg, 0.38 mmol) in ethanol 
and THF was hydrolyzed with 1M NaOH to give rise to the title compound 
as a white solid. 

'H NMR (300 MHz, CDC1 3 ): 5 1 1.28 (br s, 1H), 6.81 (s, 1H), 6.54 (d, J - 
15.5 Hz, 1H), 6.20-6.37 (m, 1H), 5.87 (s, 1H), 5.42 (s, 1H), 3.74 (s, 3H), 
2.70-2.79 (m, 2H), 2.50 (s, 1H), 2.10 (s, 3H), 1.51 (s, 3H), 1.43 (s, 3H), 1.14 
(s, 6H), 0.96 (t, J = 7.6 Hz, 3H). 

7-(8-CMoro-4-isopropvl-7-ethoxv-2.2-dimethvl-2if-chromen-6-vn-6-fluoro- 
3-methvl-octa-2E.4E.6E-trienoic acid (Compound 172) 

Following General Procedure G, a solution of ethyl 7-(8-chloro-4- 
isopropyl-7-ethoxy-2,2-dimethyl-2//-chromen-6-yl)-6-fluoro-3-methyl-octa- 
2E,4E,6E-trienoate (Compound 166, 874 mg, 1.95 mmol) in ethanol and 
THF was hydrolyzed with 1M NaOH to give rise to the title compound as a 
light yellow solid. 
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*H NMR (300 MHz, CDC1 3 ): 5 1 1.21 (br s, 1H), 6.85 (s, 1H), 6.53 (d, J = 
15.1 Hz, 1H), 6.24-6.41 (m, 1H), 5.88 (s, 1H), 5.42 (s, 1H), 3.90 (q,.J = 7.1 
Hz, 2H), 2.71-2.80 (m, 1H), 2.18 (s, 3H), 2.11 (s, 1H), 1.46 (s, 6H), 1.32 (t, 
J = 7.1 Hz, 3H), 1.13 (d, J = 6.8 Hz, 6H). 
7-(8-Chloro-4-isopropvl-7-ethoxy-^ 
3-methvl-nona-2E.4E,6E-trienoic acid (Compound 173) 

Following General Procedure G, a solution of ethyl 7-(8-chloro-4- 
isopropyl-7-ethoxy-2,2-dimethyl-2if-chromen-6-yl)-6-fluoro-3-me 
nona-2E,4E,6E -trienoate (Compound 167, 50 mg, 0.106 mmol) in ethanol 
and THF was hydrolyzed with 1M NaOH to give rise to the title compound 
as a white solid. 

*H NMR (300 MHz, CDC1 3 ): 5 1 1.27 (br s, 1H), 6.80 (s, 1H), 6.54 (d, J = 
15.5 Hz, 1H), 6.25-6.39 (m, 1H), 5.87 (s, 1H), 5.42 (s, 1H), 3.84-4.01 (m, 
4H), 2.70-2.79 (m, 2H), 2.46 (s, 1H), 2.10 (s, 3H), 1.51 (s, 3H), 1.42 (s, 3H), 
1.33 (t, J = 7.0 Hz, 3H), 1.12-1.18 (m, 6H), 0.97 (t, J = 7.6 Hz, 3H). 
7-r8-Chloro-7-isopropoxy-4-isopropvl-2.2-dimethvl-2//-chromen-6-vl)-2- 
fluoro-3-methvl-octa-2E, 4E, 6E-trienoic acid (Compound 174) 

Following General Procedure G, a solution of ethyl 7-(8-chloro-7- 
isopropoxy-4-isopropyl-2,2-dimethyl-2/f-chromen-6-yl)-2-fluoro-3-methyl- 
octa-2,4,6-trienoate (Compound 168, 0.81 g, 1.6 mmol) in ethanol and THF 
was hydrolyzed with 1M NaOH. Purification by flash chromatography 
(silica gel, 30% ethyl acetate in hexanes) and recrystallization from 
acetonitrile gave rise to the title compound as short yellow needles. 
l U NMR (300 MHz, CDC1 3 ): 5 6.84 (s, 1H), 6.57 (d, J = 15.4 Hz, 1H), 6.43 
(dd, J = 25.1, 15.8 Hz, 1H),5.88 (s, 1H), 5.41 (s, 1H), 4.39 (sept, J = 6.5 Hz, 
1H), 2.76 (sept, J = 6.5 Hz, 1H), 2.12 (s, 6H), 1.52 (s, 3H), 1.40 (s, 3H), 
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1.25 (d, J = 5.6 Hz, 3H), 1.19 (d, J = 5.6 Hz, 3H), 1.15 (d, J = 6.6 Hz, 3H), 
1.10 (d, J = 6.6 Hz, 3H). 

7"(8-Chloro-7-isopropoxv-4-isopropyl-2,2-dimethvl-2/y-chromen--6--vl)-2- 
fluoro-3-methyl-nona-2A6-trienoic acid (Compound 175) 

Following General Procedure G, a solution of ethyl 7-(8-chloro-7- 
isopropoxy-4-isopropyl-2,2-dimethyl-2^ 

nona-2E,4E,6E-trienoate (Compound 169, 1.02 g, 2.01 mmol) in ethanol 
and THF was hydrolyzed with 1M NaOH. Purification by flash 
chromatography (silica gel, 30% to 50% ethyl acetate in hexanes) and 
recrystallization from acetonitrile gave rise to the title compound as a pale 
yellow solid. 

! H NMR (300 MHz, CDC1 3 ): 5 6.79 (s, 1H), 6.57 (d, J = 15.3 Hz, 1H), 6.40 
(dd, J = 25.0, 15.7 Hz, 1H), 5.87 (s, 1H), 5.41 (s, 1H), 4.43 (sept, J = 6.2 Hz, 
1H), 2.85-2.69 (m, 2H), 2.52-2.37 (m, 1H), 2.11 (s, 3H), 1.52 (s, 3H), 1.40 
(s, 3H), 1.26 (d, J = 6.2 Hz, 3 H), 1.18 (d, J = 6.2 Hz, 3 H), 1.15 (d, J = 6.7 
Hz, 3 H), 1 .09 (d, J = 6.7 Hz, 3 H), 0.93 (t, J = 7.5 Hz, 3 H). 

TABLE 4 

Receptor Transactivation, Efficacy and Binding Data for Exemplary 
Compounds of Formula C 



Compound 
number 


Structure 


RAR Trans. EC™ nM 
RARBind. KjnM 
a 0 y 


RXR Trans. ECsn nM 
RXR Bind Kj nM 
a p y 


-> 

170 




N A N A . N A 
3.4k 2.3k 5.3k 


0.8 0.8 0.2 
(86) (88) (109) 

2 7 ND 
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NA 


NA 


NA 
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18 
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36 


ND 






NA 


NA 


NA 
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COjH 


532 


1.3k 


3.4k 


29 
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ND 






NA 


NA 


NA 


NA 


NA 


NA 
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425 


1.3k 


53 
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ND 



In vivo Data (in ob/ob mice) for Examplarv Compounds of Formula C 



TABLE 5 



Treatment 


Glucose (mg/dl) 


Triglycerides (mg 


T4 


(dose) 




/dl) 


(Hg/dL) 


Day 0 Day 3, Day 6, 


Day 0 Day 3, 


Day 7 




3h 3h 


3h 
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Vehicle 


296 ± 


279 ± 


367 ± 


90 ±42 


98 ± 17 


3.8 ± 


(Control 


123 


97 


116 






0.3 


Diet) 














Standard 


246 ±. 


107 ± 


136± 


92 ±41 


55 ±23 


0.8 ± 


compound 


49 


27 


28 






0.2 


(2.5 














mg/kg) 














compound 


292 ± 


193 ± 


206 ± 


107 ± 


68 ±22 


4.5 ± 


172 


134 


72 


40 


44 




0.4 


(30 














mg/kg) 















In this in vivo assay, the drug was mixed in a control diet and fed to the 
animals over 7 days. The dose indicates the average amount of drug 
consumed by each animal per day. 

The transient hypertriglyceridemia caused by full RXR agonists is not 
observed when animals are dosed by this method. Hypothyroidism is the 
only observed toxicity of RXR full agonists in this assay. 
SECTION D OF SPECIFIC EMBODIMENTS 

R R 1 




C0 2 R 4 

Formula D 

Formula D discloses a specific class of preferred and exemplary 
compounds of the invention. In Formula D: 

R represents alkyl of 1 to 8 carbons, more preferably alkyl of 1 to 4 
carbons, and most preferably alkyl of 1 to 2 carbons; 
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R 1 represents alkyl of 1 to 8 carbons, more preferably alkyl of 1 to 4 
carbons, and 

R4 represents H, alkyl of 1 to 6 carbons, CH 2 OR 5 or CH 2 OGOR 5 where R 5 
alkyl of 1 to 3 carbons, or a pharmaceutically acceptable salt of said 
compound. 

The synthetic schemes and the experimental procedures for obtaining 
compounds within the scope of Formula D are provided below. 
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Br 

OMe 



BBr 3 




Br 



OH 



Etl t K 2 C0 3 



A-1 



A-2 



United States Patent No. 6,613,917 




Br 
OEt 



A-4 



A-7, R = Me 
A-8, R = t-Bu 



1) R-MgBr, DMPU 

2) PTSA, PhH, reflux 




A-9, R = Me 
A-1 0, R = t-Bu 




A-5, R = Me 
A-6, R = t-Bu 




Br 



OEt 



tBuOOH, CrO^ 



A-3 



PdCI 2 dppf DCM, KOAc 
DMF, 80°C 




Pd(PPh 3 ) 4l Na 2 C0 3 , 
ToL.EtOH, H 2 O,100°C 




NaOH, EtOH.THF 



CQ 2 Et 



A-13, R = Me t R 1 = Et 
A-1 4, R = t-Bu, R 1 = Me 
A-1 5, R = t-Bu, R 1 = Et 




C0 2 H 



A-1 6, R = Me, R 1 = Et 
A-17, R = t-Bu, R 1 = Me 
A-1 8, R = t-Bu, R 1 " Et 



1) TPAP, NMO 

2) n-BuLi 



OH (OEt) 2 P^J^C0 2 Et 



R 1 = Me, Et 
United States Patent 
# 6,147,224 




C0 2 Et 



A-11, R 
A-1 2, R 



3-Bromo-8,8-dimethyl-5,6,7,8~tetrahydronaphthalen-2-ol (Compound A-2) 
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To 6-bromo-7-methoxy- 1 ,2-dimethyl- 1 ,2,3,4-tetrahydro-naphthalene 
(Compound A-l (United States Patent No. 6,6 1 3,9 1 7, incorporated herein 
by reference), 6.34 g, 23.56 mmol) in dichloromethane (lOmL) at -30°C 
was added a solution of boron tribromide (1.0 M in dichloromethane, 47 
mL, 47 mmol). After warming to 0 °C over 1 h, the reaction mixture was 
quenched carefully with ice water and extracted with ether. The organic 
layer was washed successively with water, brine, dried over Na 2 S0 4 , and 
concentrated in vacuo. Purification by flash column chromatography (silica 
gel, 5% ethyl acetate/hexane) yielded the title compound as a white solid. 
'HNMR (300 MHz, CDC1 3 ): 5 1.25 (s, 6H), 1.60-1.65 (m, 2H), 1.72-1.79 
(m, 2H), 2.67 (t, J= 6.2 Hz, 2H), 5.24 (s, 1H), 6.98 (s, 1H), 7.13 (s, 1H). 
6-Bromo-7-ethoxv- 1 . 1 -dimethyl- 1 .2.3.4-tetrahvdronaphthaiene (Compound 
A-3) 

A mixture of 3-bromo-8,8-dimethyl-5,6,7,8-tetrahydronaphthalen-2- 
ol (Compound A-2, 5.77 g, 22.62 mmol), iodoethane (7.2 mL, 90.5 mmol), 
and potassium carbonate (4.68 g, 34 mmol) in acetone (50 mL) was stirred 
at 70 °C overnight. The solvent was removed in vacuo. The residue was 
purified by column chromatography (silica gel, 2.5% ethyl acetate in 
hexane) to afford the title compound as a pale yellow oil. 
] H NMR (300 MHz, CDC1 3 ): 5 1.27 (s, 6H), 1.45 (t, J=7.0 Hz, 3H), 1.62- 
1.65 (m, 2H), 1.75-1.79 (m, 2H), 2.67 (t, J= 6.1 Hz, 2H), 4.09 (q, J=7.0Hz, 
2H), 6.84 (s, 1H), 7.27 (s, 1H). 

7-Bromo-6-ethoxv-4.4 -dimeth vl-3 .4-dihvdro-2i/-naphthalen- 1 -one 
(Compound A-4) 

To 6-bromo-7-ethoxy- 1 , 1 -dimethyl- 1 ,2,3,4-tetrahydronaphthalene 
(Compound A-3, 5.83 g, 20.6 mmol) in dichloromethane (25 mL) and tert- 
butyl hydroperoxide (25 mL) at room temperature was added a catalytic 
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amount of chromium (VI) oxide. The reaction was stirred overnight. 
Quenched the reaction with water and followed by extraction with 
diethylether. The organic layers were washed with water, brine, dried over 
Na 2 S0 4 and concentrated in vacuo. Purification by flash column 
chromatography (silica gel, 2% ethyl acetate/hexane) yielded the title 
compound as a white solid. 

l H NMR (300 MHz, CDC1 3 ): 5 1.38 (s, 6H), 1.52 (t, J=7.0 Hz, 3H), 2.00 (t, 
J=6.8 Hz, 2H), 2.68 (t, J=6.8 Hz, 2H), 4.18 (q, J=7.0 Hz, 2H), 6.82 (s, 1H), 
8.22 (s, 1H). 

6-Bromo-7-ethoxv- 1,1,4 -trimethvl- 1 .2- dihvdronap hthalenR (Compound A- 
5) 

To 7-bromo-6-ethoxy-4,4 -dimethyl-3,4-dihydro-2tf-naphthaIen-l- 
one (Compound A-4, 1.05 g, 3.53 mmol) in THF (12 mL) and 1,3- 
dimethyl-3,4,5,6-tetrahydro-2(7/0-pyrimidinone (2 mL) at 0 °C was added a 
solution of methylmagneium bromide (3M in diethylether (3.53 mL, 10.59 
mmol). The reaction was allowed to warm up to room temperature and was 
stirred at 50°C overnight. The reaction was quenched with ice water and 
extracted with diethylether. The organic layer was washed successively with 
water, brine, dried over Na 2 S0 4 , and concentrated in vacuo. The crude 
material was then dissolved in benzene (20 mL). After catalytic amount of 
p-toluenesulfonic acid was added, the reaction was stirred at reflux for 2 h. 
The solvent was removed in vacuo. The residue was purified by column 
chromatography (silica gel, 1% ethyl acetate in hexane) to afford the title 
compound as a pale yellow oil. 

J H NMR (300 MHz, CDC1 3 ): 5 1.22 (s, 6H), 1.47 (t, J=7.0 Hz, 3H), 2.00- 
2.02 (m, 3H), 2.15-2.17 (m, 2H), 4.13 (q, J=7.0 Hz, 2H), 5.66 (m, 1H), 6.86 
(s, 1H), 7.38 (s, 1H). 
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6-Bromo-4-fert-butvl-7-ethoxv- 1 . 1 -dimethyl- 1 .2-dihvdronaphthalene 
(Compound A-6) 

To 7-bromo-6-ethoxy-4 5 4 -dimethyl-3,4-dihydro-2i/-naphthalen-l- 
one (Compound A-4, 2.0 g, 6.73 mmol) in THF (20 mL), ether (20 mL) 
and l,3-dimethyl-3 ? 4 5 5 3 6-tetrahydro-2(7i/)--pyrimidinone (8 mL) at -30 °C 
was added a solution of tert-butylmagnesium bromide (2M in ether, 
13.5mL, 27 mmol). The reaction was allowed to warm to room temperature 
over 5hThe reaction was quenched with ice water and extracted with ether. 
The organic layer was washed successively with water, brine, dried over 
Na 2 S0 4 , and concentrated in vacuo. The crude material was then dissolved 
in methanol (20 mL). After catalytic amount of p-toluenesulfonic acid was 
added, the reaction was stirred at 50 °C for 2 h. The solvent was removed in 
vacuo. The residue was purified by column chromatography (silica gel, 1% 
ethyl acetate in hexane) to afford the title compound as a pale yellow oil 
\H NMR (300 MHz, CDC1 3 ): 5 1.19 (s, 6H), 1.32 (s, 9H), 1.46 (t, J=7.0 Hz, 
3H), 2.1 1 (d, J=5.0 Hz, 2H), 4.12 (q, J=7.0 Hz, 2H), 5.85 (t, J= 5Hz, 1H), 
6.86 (s, 1H), 7.80 (s, 1H). 

Ethyl 7-iodo-3-methyl-nona-2E,4E.6Z-trienoate (Compound A-12) 
General Procedure A-l 

To a solution of 3-iodo-pent-2-en-l-ol (available as described in U.S. 
Patent No. 6,147,224, 3.2 g, 15 mmol) and 4-methylmorpholine N-oxide 
(3.51 g, 30 mmol) in dichloromethane (20 mL) at 0 °C was added catalytic 
amount of tetrapfopylammonium perruthenate. The reaction was stirred at 
room temperature for 1.5 h, and then the mixture was loaded directly onto a 
short pad of silica gel. Elution with 10% ethyl acetate in hexane yielded the 
corresponding aldehyde as brown oil. 
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To a solution of ethyl 4-(diethoxyphosphoryl)-3-methylbut-2E-enoate (7.92 
g, 30 mmol) in l^-dimethyl-3,4,5,6-tetrahydro-2(7^-pyrimidinone (12 
mL) and THF (40 mL) at -78 °C was added /z-butyllithium dropwise (1.6 M 
in hexane, 19 mL, 30 mmol). After 10 min, the above aldehyde (2.09 g, 9.9 
mmol) in THF (5 mL) was added slowly to the reaction mixture. The 
mixture was stirred at -78 °C for 2 h, quenched with saturated NH 4 C1, and 
extracted with ethyl acetate. The organic layer was washed successively 
with water, brine, dried over Na 2 S0 4 , and concentrated in vacuo. The 
residue was purified by flash column chromatography (silica gel, 2.5% ethyl 
acetate in hexane) to yield the title compound as a yellow oil. 
! H NMR (300 MHz, CDC1 3 ): 5 1 . 1 3 (t, J = 7.2 Hz, 3H), 1 . 1 9 (t, J = 7.0 Hz, 
3H), 2.35 (s, 3H), 2.64 (q, J=7.4 Hz, 2H), 4.18 (q, J= 7.0 Hz, 2H), 5.81 (s, 
1H), 6.24 (d, J = 9.8 Hz, 1H), 6.40 (d, J = 15.2 Hz, 1H), 6.69 (dd, J = 15.1, 
9.8 Hz, 1H). 

Ethyl 7-iodo-3-methvl-octa- 2E.4E.6Z-trieT 1 o a tP (r nmpnn ^ A . n) 

Following General Procedure A- 1, 3-iodo-but-2-en-l-ol (3.2 g, 15 
mmol) and 4-methylmorpholine N-oxide (3 .5 1 g, 30 mmol) in 
dichloromethane afforded the corresponding aldehyde. Further treatment 
with a solution of ethyl 4-(diethoxyphosphoryl)-3-methylbut-2E-enoate 
(7.92 g, 30 mmol) and n-butyl lithium (1.6 M in hexane, 19 mL, 30 mmol) 
gave rise to the title compound. 

*H NMR (300 MHz, CDC1 3 ): 5 1.29 (t, J = 7.2 Hz, 3H), 2.35 (s, 3H), 2.64 

(s, 3H), 4. 1 8 (q, J = 7.2 Hz, 2H), 5.8 1 (s, 1H), 6. 1 8 (d, J = 1 0 Hz, 1H), 6.38 

(d,J=15.2Hz,lH),6.62(dd,J=15.1,10Hz, 1H). 

Emyl7-(3-ethox y-5,5, 8- trim ethvl-5.6-dibvdronaphth a l e r.-2-vn-3-methv1- 
nona-2E.4 E.6Z-trienoate (Compound A-13) 
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A solution of 6-bromo-7-ethoxy-l,l,4-trimethyl-l,2- 
dihydronaphthalene (Compound A-5, 980 mg, 3.32 mmol), 
bis(pinacolato)diboron (1 . 1 8 g, 4.65 mmol), and potassium acetate (976 mg, 
9.96 mmol) in iY^dimethylformamide (20 mL) was purged with argon for 
15 min. [1,1 '-bis(disphenylphosphino)-ferrocene]dichloropalladium(II) (1:1 
complex with dichloromethane, 270 mg, 0.33 mmol) was added and purged 
with argon for another 5 min. The reaction was continuously stirred at 80 °C 
for 4 days under argon. Thereafter the reaction was cooled to room 
temperature and was quenched with water. The reaction mixture was 
extracted with ethyl acetate. The organic layer was washed successively 
with water, brine, dried over Na 2 S0 4 , and concentrated in vacuo. 
Purification by column chromatography (silica gel, 10 to 20% ethyl acetate 
in hexane) yielded the mixtures (700 mg) of 2-(3-ethoxy-5,5,8-trimethyl- 
5,6-dihydronaphthalen-2-yl)-4,4,5,5-tetramethyl [ 1 ,3,2]dioxaborolane 
(Compound A-7) and 2-(3-ethoxy-5,5,8-trimethyl-5,6-dihydro-naphthalen- 
2-yl)boronic acid (Compound A-9). The above mixture of Compounds A- 
7 and A-9, ethyl 7-iodo-3-methyl-nona-2E,4E,6Z-trienoate (Compound A- 
12, 0.7 g, 2.14 mmol), tetrakis(triphenylphosphine)palladium(0) (200 mg, 
0.17 mmol), and 2 M sodium carbonate (6 mL, 12 mmol) in toluene (18 
mL) and ethanol (9 mL) was heated to 100 °C for 36 h. The reaction was 
cooled to room temperature and extracted with ethyl acetate. The organic 
layer was washed with brine, dried over Na 2 S0 4 , and concentrated in vacuo. 
Purification by column chromatography (silica gel, 1 % to 2 % ethyl acetate 
in hexane) yielded the title compound as an oil. 

'H NMR (300 MHz, CDC1 3 ): 5 1.02 (t, J=7.6 Hz, 3H), 1.24-1.29 (m, 9H), 
1.34 (t, J=7.0 Hz, 3H), 1.98-1.99 (m, 3H), 2.14 (s, 3H), 2.18-2.20 (m, 2H), 
2.50 (q, J=7.6 Hz, 2H), 4.04 (q, J=7.0 Hz, 2H), 4. 1 6 (q, J=7.3 Hz, 2H), 5.65 
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(m, 1H), 5.72 (s, 1H), 6.23 (d, J=15.2 Hz, 1H), 6.24 (d, J=10.8 Hz, 1H), 
6.56 (dd, S= 10.8, 15.2 Hz, 1H), 6.87 (s, 1H), 6.91 (s, 1H). 

Ethyl 7-(8-te^hiifyM-etjhoxv-5^ 

methyl-octa^F.^E^Z-trienoate (Compound A-14) General Prnc«,W R- 
1 

A solution of 6-bromo-4-/^-butyl-7-ethoxy- 1,1 -dimethyl- 1,2- 
dihydronaphthalene (Compound A-6, 350 mg, 1.04 mmol), 
bis(pinacolato)diboron (370 mg, 1.46 mmol), and potassium acetate (305 
mg, 3.12 mmol) in dimethylformamide (8 mL) was purged with argon for 
15 minutes. [1,1 '-bis(disphenylphosphino)ferrocene]dichloropalladium(II) 
(1:1 complex with dichloromethane, 82 mg, 0.1 mmol) was added and 
purged with argon for another 5 min. The reaction was continuously stirred 
at 80 °C for 4 days under argon. Thereafter the reaction was cooled to room 
temperature and quenched with water. The reaction mixture was extracted 
with ethyl acetate. The organic layer was washed successively with water, 
brine, dried over Na 2 S0 4 , and concentrated in vacuo. Purification by column 
chromatography (silica gel, 10 to 20% ethyl acetate in hexane) yielded a 
mixture of 2-(8-^-butyl-3-ethoxy-5,5-dimethyl-5,6-dihydronaphthalen-2- 
yl)-4,4,5,5-tetramethyl [l,3,2]dioxaborolane (Compound A-8) and 2-(8- 

/e^-butyl-3-ethoxy-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)boronicacid 
(Compound A-10). The above mixture of Compounds A-8 and A-10, ethyl 

7-iodo-3-methyl-octa-2E,4E,6Z-trienoate (Compound A-ll, 130 mg, 0.43 

mmol), tetrakis(triphenylphosphine)palladium(0) (40 mg, 0.03 mmol), and 

2M sodium carbonate (1 mL, 2 mmol) in toluene (4 mL) and ethanol (2 mL) 

was heated to 100 °C for 40 h. The reaction was cooled to room temperature 

and extracted with ethyl acetate. The organic layer was washed with brine, 
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dried over Na 2 S0 4 , and concentrated in vacuo. Purification by column 
chromatography (silica gel 1 % to 2 % ethyl acetate in hexane) yielded the 
title compound as an oil. 

'H NMR (300 MHz, CDC1 3 ): 8 1.23 (s, 6H), 1.27 (t, J=7.0 Hz, 3H), 1.30 (s, 
9H), 1.38 (t, J=7.0 Hz, 3H), 2.11 (s, 3H), 2.14 (d, J=5.Hz, 2H), 2.18 (s, 3H), 
4.07 (q, J=7.0 Hz, 2H), 4.14 (q, J=7.0 Hz, 2H), 5.72 (s, 1H), 5.84 (t, J=5 Hz, 
1H), 6.23 (d, J=15.2Hz, 1H), 6.24 (d, J=10.8 Hz, 1H), 6.56 (dd, J= 10.8, 
15.2 Hz, 1H), 6.88 (s, 1H), 7.34 (s, 1H). 

Ethyl 7 -(8-/g^-butvl-3-ethoxv-5.5-dimethvl-5.6-dihvdronaphthalen-2-vn-3- 

methvl-nona-2E.4E.6Ztrienoate rCompoiind A-15) 

Following General Procedure B-l, 6-bromo-4-fert-butyl-7-ethoxy- 

1,1 -dimethyl- 1 ,2-dihydronaphthalene (Compound A-6, 350 mg, 1.04 
mmol) and bis(pinacolato)diboron (370 mg, 1.46 mmol) afforded the 
corresponding boronic ester. Further treatment with ethyl 7-iodo-3-methyl- 
nona- -2E,4E,6Z-trienoate (Compound A-12,1 19 mg, 0.36 mmol) yielded 
the title compound as a pale yellow oil. 

'H NMR (300 MHz, CDC1 3 ): 5 1 .02 (t, J=7.2 Hz, 3H), 1 .23 (s, 6H), 1 .27 (t, 
J=7.0Hz, 3H), 1.29 (s, 9H), 1.35 (t, J=7.0 Hz, 3H), 2.01(s, 3H), 2.13 (d, 
J=5.0 Hz, 1H), 2.51 (q, J=7.2 Hz, 2H), 4.05 (q, J=7.0 Hz, 2H), 4.13 (q, 
J=7.0 Hz, 2H), 5.72 (s, 1H), 5.83 (t, J=5.0 Hz, 1H), 6.23 (d, J=10.8 Hz, 1H), 
6.24 (d, J=15.2 Hz, 1H), 6.59 (dd, J= 10.8, 15.2 Hz, 1H), 6.87 (s, 1H), 7.29 
(s, 1H). 

7-(3-Ethoxv-5.5.8-tri methvl-5.6-dihvdronaphthalen-2-vl)-3-methvl-nona- 
2E.4E.6Z-trienoic acid (Compound A-16) 

A solution of ethyl 7-(3-ethoxy-5,5,8-trimethyl-5,6- 
dihydronaphthalen-2-yl)-3-methyl-nona-2E,4E,6Z-trienoate (Compound A- 
13, 0.82 g, 2.01 mmol) in ethanol (5 mL) and THF (5 mL) was treated with 

600 64 PA 17626 



123 



2M NaOH (5 mL, 10 mmol) and then stirred at 50 »C for 5 h. Tire mixture 
was cooled to room temperature, acidified with 10% HC1, and extracted 
wtth ethyl acetate. He organic layer was separated, washed with brine 
dned over Na 2 S0 4 , and concentrated in vacuo. The residue was purified by 
recrystalhzation from acetonitrile toyield the title compound as a white 
solid. 

'H NMR (300 MHz, CDC1 3 ): S 1.02 ft ,=7.6 Hz), 1.26 (s, 6H), 1.34 (, 
J=7.0Hz, 3H), 1.99-2.00(m, 3H), 2.13 (s, 3H), 2.18-2.20 (m,2H), 2 51 (q 
J-7.6 Hz, 2H), 4.05 (q, J=7.0 Hz, 2H), 5.65 (m, IH), 5.74 (s, 1H), 6.25 (d ' 
J-10.8 Hz, IH), 6.26 (d, J-15.2 Hz, IH), 6.60 (dd, J= 10.8, 15.2 Hz IH) ' 
6.87 (s, IH), 6.90 (s, 1H). ' 
Hte£utyN3^fa^^ 

methyl-ocra-2R4R67-rrienoirnrirt (Componnd A-17) General 
Procedure C-1 

A solution of ethyl 7-(8-tert-butyl-3-ethyoxy-5,5-dimethyl-5 6- 
dihydronaphthalen-2-yl)-3- m ethyl-octa-2E,4E,6Zrt (Compound A- 

14, 90 mg, 0.21 mmol) in ethanol (2 mL) and THF (2mL) was treated with 
2M NaOH (1 mL, 2 mmol) and then stirred at 50 °C for 5 h. The mixture 
was cooled to room temperature, acidified with 10% HC1, and extracted 
with ethyl acetate. The organic layer was separated, washed with brine 
dned over Na 2 S0 4 , and concentrated in vacuo. The residue was purified by 
recrystalhzation from acetonitrile to yield the title compound as a white 
solid. 

1 HNMR(300MHz,CDC. 3 ) : S l.23(s,6H), 1.30(s,9H), 1.38 ft J-7 0 Hz 
3H), 2.1 1 (s, 3H), 2.13 (d, J=5.0 Hz, 2H), 2.9 (s, 3H), 4.07 (q, J= 7 0 Hz 
2H), 5.74 (s, IH), 5.84 ft J=5.0 Hz, IH), 6.24 (d, J-15.2 Hz, IH) 625 (d 
J-10.8 Hz, IH), 6.65 (dd, J= .0.8, 15.2 Hz, IH), 6.88 (s, IH), 7.33 (s, IH). 
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7-r8-ter/-Butyl-3-ethvoxv-5.5-dimetl 1 v1- 5 .6-dihvdron a phtha1en-2-vn-^- 
methyl-nona-2E.4E.6Z-t rienoic acid (Compound A-18) 

Following General Procedure C-l, ethyl 7-(8-fe^-butyl-3-ethyoxy- 

5,5-dimethyl-5,6-dihydronaphthalen-2-yl)-3-methyl-nona-2E,4E,6Z- 
trienoate (Compound A-15, 1 50 mg, 0.33 mmol) and 1 M sodium 
hydroxide (3 mL, 3 mmol) gave rise to the title compound. 
'H NMR (300 MHz, CDC1 3 ): 8 1.02 (t, J=7.6 Hz, 3H), 1.23 (s, 6H), 1.29 (s, 
9H), 1.35 (t, J=7.0 Hz, 3H), 2.10(s, 3H), 2.14 (d, J=5.0 Hz, 1H), 2.52 (q, 
J=7.6 Hz, 2H), 4.05 (q, J=7.0 Hz, 2H), 5.73 (s, 1H), 5.83 (t, J=5.0 Hz, 1H), 
6.25 (d, J=10.8 Hz, 1H), 6.26 (d, J=15.2 Hz, 1H), 6.63 (dd, J= 10.8, 15.2 
Hz, 1H), 6.87 (s, 1H), 7.28 (s, 1H). 



600 64 PA 



17626 



125 



TABLE 6 

Receptor Transactivation, Efficacy and Ri n ding Data for Exemplary 
Compounds of Formula D 



Compounc 
number 


' Structure 


RAR Trans. EC=„ 
nM 

RAR Bind. K, nM 


RXR Trans. EC 
nM 

RXR Bind K, nM 






a 


P 


r 


a 


P 


y 


A-16 




NA 


242 
(21) 


NA 


12 
(39) 


191 
(37) 


32 
(26) 






578 


610 


3.8K 


8.7 


49 


ND 


A-17 




NA 


50 
(7) 


NA 


0.6 
(85) 


3.2 
(72) 


0.9 
(73) 












861 


401 


1.9K 


2.4 


16 


ND , 


A-18 




NA 


15 
(7) 


NA 


2.6 
(18) 


11 

(21) 


2.7 
(11) 






442 


137 


537 


5 


31 


ND 



vivo Data (in ob/ob mice^ for Exemplary Compounds of Formula Ti 

TABLE 7 



Treatment 
(dose) 


Glucose (mg/dl) 


Triglycerides (mg 
/dl) 


T4 
(ug/dL) 


DayO Day 3, Day 6, 
3h 3h 


Day 0 Day 3, 
3h 


Day 7 


Vehicle 
(Corn oil) 
Standard 

compound 
(5 

mg/kg) 


346± 416± 381 ± 

73 116 85 
389± 301 ± 218± 
138 94 43 


171 ± 159 ± 
34 35 

149 ± 147 ± 
51 41 


3.5 ± 
0.4 

2.7 ± 
0.7 
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compound 


443 ± 


297 ± 


267 ± 


160 ± 


121 ± 


4.2 ± 


A-16 


156 


121 


73 


22 


24 


0.4 


(50 












mg/kg) 















SECTION E OF SPECIFIC EMBODIMENTS 
R R 2 



F 




^1 
C0 2 R 4 

Formula E 

Formula E discloses a specific class of preferred and exemplary 
compounds of the invention. In Formula E: 

R represents H, alkyl of 1 to 8 carbons, more preferably alkyl of 1 to 4 
carbons; 

R 1 represents alkyl of 1 to 8 carbons, more preferably alkyl of 1 to 4 
carbons; 

R represents alky] of 1 to 8 carbons, more preferably alkyl of 1 to 4 

carbons, and still more preferably alkyl of 1 to 2 carbons, and 

R, represents H, alkyl of 1 to 6 carbons, CH 2 OR 5 or CH 2 OCOR 5 where R 5 i 

alkyl of 1 to 3 carbons, or a pharmaceutically acceptable salt of said 

compound. 

The synthetic schemes and the experimental procedures for obtaining 
compounds within the scope of Formula E are provided below. 
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A-27 A-28 A-29 
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R 1 I or R 1 Br, 

K 2 C0 3 

acetone 



A-30, R = i-Pr 
A-31, R = t-Bu 



AJIergan Docket 17331(HL) 
GLS WILL CHANGE THIS 




9 

(OEtfcFy. 
F 



COsEt 



LDA, THF 



Me 



A-25, R = H, 
A-26, R = H, R 1 = Et R 2 = Et 
A-23, R = Et, R 1 = Et, R 2 = Et 
A-24, R = iPr, 
A-36, R = i-Pr, 



Et, R 2 = Me 
n-Pr R 2 = Me 



A-37, R = i-Pr, R 1 = CH 2 (cPr), R 2 = Me 
A-38, R = t-Bu, R 1 = Et, R 2 =Me 
A-29, R = t-Bu. R 1 = Et, R 2 = Et 



A-39, R = t-Bu, R 1 = n-Pr, R 2 = Me 




TPAP, NMO 



= CH 2 (cPr), R 2 = Me 



NaOH 



COsEt 

A-67, R = H, R 1 = Et, R 2 = Me 
A-68, R = H, R 1 = Et R 2 = Et 
A-69, R = Et, R 1 = Et. R 2 = Et 
A-70, R = iPr, R 1 = Et. R 2 = Me 
A-71, R = i-Pr, R 1 = n-Pr R 2 = Me 
A-72, R = i-Pr, R 1 = CH 2 (cPr), R 2 = Me 
A-73. R = t-Bu. R 1 = Et R 2 =Me 
A-74, R = t-Bu. R 1 = Et, R 2 = Et 
A-75, R = t-Bu, R 1 = n-Pr, R 2 = Me 




OEt 
I 

Bu 3 SnC=CH 2 
PdCI 2 (PPh 3 )2 



A-32. R = 



A-33, R =i-Pr. R 1 = n-Pr 
A-34. R = i-Pr, R 1 = CH 2 (c-Pr) 
A-6. R = t-Bu, 

t-Bu, R 1 = n-Pr 



COzEt 




DIBAL 



A-40, R 
A-41, R 
A^*2, R 
A-43, R 
A-44, R 
A-45. R 
A-46. R 
A-47, R : 
A-48, R = 
R 



H. R 1 = Et, R 2 = Me 
- H, R 1 = Et R 2 = Et 
= Et, R 1 = Et, R 2 = Et 
= iPr. R 1 = Et. R 2 = Me 
= i-Pr, R 1 = n-Pr R 2 = Me 
= i-Pr, R 1 = CH 2 (cPr). R 2 = Me 
= t-Bu, R 1 = Et, R 2 =Me 
= t-Bu. R 1 = Et. R 2 = Et 
= t-Bu, R 1 = n-Pr, R 2 = Me 
R 2 F 




CHO 



(OEt)2P^J^C0 2 Et 



A-58, R 
A-59, R = 
A-60, R = 
A-61, R = 
A-62, R = 
A-63. R = 
A-64, R = 
A-65, R = 
A-66, R = 



= H. R = Et, R 2 = Me 



n-BuLi 



: H, R 1 = Et R 2 = Et 

= Et, R 1 = Et, R 2 = Et 

• IPr, R 1 = Et, R 2 = Me 
i-p r> R 1 = n-Pr R 2 = Me 
j-Pr, R 1 = CH 2 (cPr), R 2 = Me 
t-Bu, R 1 = Et, R 2 =Me 

t-Bu, R 1 = Et, R 2 = Et 

t-Bu, R 1 - n-Pr, R 2 = Me 

8 R 2 F 




C0 2 H 

A-76, R = H, R 1 = Et, R 2 = Me 
A-77, R = H. R 1 = Et R 2 = Et 
A-78. R = Et, R 1 = Et. R 2 = Et 
A-79. R = iPr. R 1 = Et, R 2 = Me 
A-80, R = i-Pr, R 1 = n-Pr R 2 = Me 
A-81, R = i-Pr, R 1 = CH 2 (cPr), R 2 = Me 
A-82. R = t-Bu, R 1 = Et, R 2 =Me 
A-83, R = t-Bu. R 1 = Et, R 2 = Et 
A-84, R = t-Bu. R 1 = n-Pr, R 2 = Me 
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l-(3-Ethoxv-8-ethvl-5.5-&^ 
one (Compound A-23) 

To a solution of 7-bromo-6-ethoxy-4 ? 4-dimethyl-3 ? 4-dihydro-2i7- 
naphthalen-l-one (Compound A-4, 1.7 g, 5.7 mmol) in diethyl ether (30 
mL) at room temperature was added a solution of ethylmagnesium bromide 
(3.0 M in ether, 5.7 mL, 17. 1 mmol). The reaction was stirred for 2 h, was 
quenched with aqueous NH 4 C1 and extracted with diethyl ether. The organic 
layer was washed with brine, dried over Na 2 S0 4 , and concentrated in vacuo. 
The crude product was dissolved in dichloromethane and was treated with a 
catalytic amount of p-toluenesulfonic acid for 10 min. The solvent was 
removed in vacuo and the residue was filtered on a pad of silica gel and 
eluted with hexane to give a mixture of Compounds A-19 and A-20 as a 
colorless oil. 

To a solution of the mixture of Compounds A-19 and A-20 (1.04 g, 
3.37 mmol) at -78 °C in THF (20 mL) was added n-BuLi (1.6 M in hexane, 
2.5 mL, 4.0 mmol). The reaction was warmed to room temperature and 
propionaldehyde (0.49 mL, 6.74 mmol) was added. After the reaction was 
stirred for 1.5 h, the reaction mixture was quenched with aqueous NH 4 C1 
and extracted with ethyl acetate. The organic layer was washed with brine, 
dried over Na 2 S0 4 , and concentrated in vacuo. The crude product was 
purified by flash column chromatography (silica gel, 100% hexanes to 10% 
ethyl acetate in hexane) to give a mixture of alcohols Compounds A-21 and 
A-22 as a yellow oil. 

Next, a solution of this mixture in acetone (4 mL) was titrated with 
Jones' reagent at room temperature until a pale orange color persisted. The 
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reaction mixture was diluted with ethyl acetate, washed with brine, dried 
over Na 2 S0 4 , and concentrated in vacuo. The residue was purified by flash 
column chromatography (silica gel, 10% ethyl acetate in hexane) to give the 
title compound as nearly colorless oil and a single isomer. 
! H NMR (300 MHz, CDC1 3 ): 5 1.14 (t, J = 7.4 Hz, 3H), 1.17 (t, J = 7.4 Hz, 
3H), 1.24 (s, 6H), 1.48 (t, J = 6.9 Hz, 3H), 2.17 (m, 2H), 2.48 (m, 2H), 3.02 
(q, J = 7.3 Hz, 2H), 4.17 (q, J = 7.1 Hz, 2H), 5.66 (br t, J = 4.7 Hz, 1H), 6 89 
(s, 1H), 7.67 (s, 1H). 

l-(3-Ethoxy-5 1 5-r1imethy1-5 6 -dihydro-na P htha1en-7- Y 1)-^— nr 
(Compound A-25) 

■ Cerium (III) chloride heptahydrate (18.0 g , 73.0 mmol) was dried at 
150 °C under high vacuum for 16 h without stirring and then 3 h with 
stirring. The white solid in the flask was cooled to room temperature and 
switched to argon atmosphere. The flask was placed in an ice-water bath 
and THF (100 mL) was added. The suspension of cerium (III) chloride in 
THF was stirred for 15 h at room temperature before placing it back into an 
ice water bath. A solution of 7-bromo-6-methoxy-4,4-dimethyl-3,4- 
dimethyl-3,4-dihydro-2i/-naphthalen-l-one (United States Patent No. 
6,613,917, 6.5 g, 23.0 mmol) in THF (30 mL) was added to the suspension 
at 0 °C and stirred for 1 h. Isopropylmagnesium chloride (2M in THF, 36.5 
mL) was then added to the reaction mixture and it was stirred for 10 min at 
0 °C, then warmed to room temperature. After stirring overnight at room 
temperature, the reaction mixture was poured onto ice water with 10% HC1, 
extracted with diethyl ether. The combined organic layers were washed 
with water, brine, dried (MgS0 4 ), filtered and concentrated in vacuo. 

To the crude residue in benzene (60 mL) at room temperature was 
added/j-toluenesulfonic acid (0.26 g, 1 .4 mmol). After heating to 1 00 °C 
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for 38 h, the reaction mixture was cooled to room temperature and 
concentrated in vacuo. Flash chromatography (silica gel, 100% hexanes) 
gave a 1:1 mixture of 6-bromo-4-isopropyl-7-methoxy- 1,1 -dimethyl- 1,2- 
dihydro-naphthalene and 7-bromo- 6-methoxy-4,4-dimethyl-3 ,4-dihydro- 
2tf-naphthalen-l-one (mixture A). 

Sodium hydride (0.53 g, 7.56 mmol) was rinsed with hexane and 
suspended in dry N, A^-dimethylformamide (30 mL). To this suspension wa 
added ethanethiol (0.97 mL, 13.10 mmol) and stirred at room temperature 
for 30 min resulting in the formation of a clear solution. Mixture A (1.05 g, 
3.64 mmol) in A^dimethylformamide (5 mL) was added to the clear 
solution and the mixture was heated at 130 °C for 4 h. The mixture was 
cooled to room temperature, acidified with HC1 (10%) and extracted with 
diethyl ether. The combined ethereal layers were washed with water, brine, 
dried (Na 2 S0 4 ), filtered and concentrated in vacuo. The crude residue was 
purified by flash chromatography (silica gel, 5% ethyl acetate in hexane) to 
give a 1: 1 mixture of the corresponding phenols. 

To a solution of the phenol mixture (2.02 g, 7.37 mmol) in acetone 
(30 mL) were added potassium carbonate (1.6 g, 22.1 mmol) and ethyl 
iodide (5.9 mL, 73.7 mmol). After heating to reflux for 16 h the reaction 
mixture was cooled to room temperature, diluted with water and extracted 
with diethyl ether. The combined ethereal layers were washed with water, 
brine, dried (Na 2 S0 4 ), filtered and concentrated in vacuo to give a mixture 
of 6-bromo-7-ethoxy-4-isopropyl- 1 , 1-dimethyl- 1 ,2-dihydro-naphthalene 
and 6-bromo-7-ethoxy- 1,1 -dimethyl- 1 ,2-dihydro-naphthalene (mixture B) 
as a yellow oil. The material was used in the next step without further 
purification. 
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To a solution of mixture B (2.18 g, 7.21 mmol) in THF (40 mL) was 
added tributyl(l-ethoxyvinyl)tin (3.66 mL, 10.8 mmol). After the mixture 
was degassed via bubbling argon for 30 min, 

dichlorobis(triphenylphosphine)palladium (II) (0.25 g, 0.05 mmol) was 
added. The reaction mixture was heated to refux for 48 h. Because the 
reaction was incomplete via TLC, another 0.5 eq tributyl(l-ethoxyvinyl)tin 
and 0.05 eq dichlorobis(triphenylphosphine)palladium (II) were added and 
the mixture was heated at reflux for overnight. The reaction mixture was 
cooled to room temperature and quenched with water and 10% HC1. After 
stirring at room temperature for 30 min, the mixture was extracted with 
ether. The combined ethereal layers were washed with water and brine, 
dried (Na 2 S0 4 ), filtered and concentrated in vacuo. Purification by flash 
chromatography (silica gel, 1 % ethyl acetate in hexanes) gave a separable 

mixture of 1 -(3-ethoxy-8-isopropyl-5,5-dimethyl-5,6-dihydro-naphthalen-2- 

yl)-ethanone (Compound A-24) and the title compound. 

!1 H NMR (300 MHz, CDC1 3 ): 5 1 .26 (s, 6H), 1 .49 (t, J = 6.9 Hz, 3H), 2.22- 

2.20 (m, 2H), 2.62 (s, 3H), 4.17 (q, J = 7.0 Hz, 2H), 5.84 (dt, J = 4.5, 9.7 Hz, 

1H), 6.43 (d, J = 9.4 Hz, 1H), 6.89 (s, 1H), 7.47 (s, 1H), 

1 -n-Ethoxv-S.S-dime thvl-S.e-dihvdro-naphthalen^-vD-propan- 1 -one 
(Compound A-26) 

To a solution of l-(3-ethoxy-5,5-dimethyl-5,6-dihydro-naphthalen-2- 
yl)-ethanone (Compound A-25, 0.17 g, 0.68 mmol) in THF (33 mL) at - 
78°C was added lithium diisopropylamide (1.5 M in cyclohexane, 0.55 mL, 
0.82 mmol). The cold bath was removed and the mixture was stirred for 2 
h. The mixture was cooled to -78°C again and methyl iodide (0.13 mL, 2.04 
mmol) was added. The mixture was stirred at room temperature for 12 h 
then quenched with a saturated solution of NH 4 C1 and extracted with diethyl 
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ether. The combined ethereal layers were washed with water, brine, dried 
(Na 2 S0 4 ), filtered and concentrated in vacuo. The crude residue was 
purified by flash chromatography (silica gel, 2% ethyl acetate in hexane) to 
give the title compound as a yellow oil. 

J H NMR (300 MHz, CDC1 3 ): 8 1.16 (t, J = 7.3 Hz, 3H), 1.26 (s, 3 H), 1.48 
(t> j = 7 0 Hz, 3H), 2.21 (dd, J = 4.4, 1.8 Hz, 2H), 3.00 (q, J = 7.2 Hz, 2H), 
4.17 (q, J = 7.0 Hz, 2H), 5.84 (dt, J = 4.5, 9.7 Hz, 1H), 6.43 (d, J = 9.7 Hz, 
1H), 6.87 (s, 1H), 7.42 (s, 1H) 

«-^nr-Butvl-3-^thoxv-5.5-dip iethvl-5.6-dihvdro-Tiaphthalene-2- 

carbaldehvde (Compound A-27) 

To a solution of 6-bromo-4-ter*-butyl-7-ethoxy- 1 , 1-dimethyl- 1 ,2- 
dihydronaphthalene (Compound A-6, 600 mg, 1.78 mmol) in ether (10 mL) 
at -78°C was added W -butyllithium (2.3 mL 1 .6 M in hexane, 3.9 mmol). 
After stirring at -78°C for 25 min, ^,iV-dimethylformamide (2 mL) was 
added and the reaction mixture was allowed to warm to -40°C over 10 min. 
The reaction mixture was quenched with water and extracted with ether. 
The combined organic layers were washed with water and brine, dried over 
MgS0 4 , filtered and concentrated under reduced pressure. Purification by 
flash column chromatography (silica gel, 3% to 10% ethyl acetate in 
hexane) afforded the title compound as a white solid. 
! H NMR (300 MHz, CDC1 3 ): 61.22 (s, 6H), 1.34 (s, 9H), 1.48 (t, J=7.0 Hz, 
3H), 2.13(d, J=5.0 Hz, 2H), 4.19 (q, J=5.0 Hz, 2H), 5.89 (t, J=5.0 Hz, 1H), 
6.92 (s, 1H), 8.11 (s, 1H), 10.47(s, 1H). 

l- (8-/^-Butvl-3-ethoxv-5.5-d iTr.e.thvl-5.6-dihvdro-naphthalen-2-yl)- 

pro pan-l-ol (Compound A-28) 

To a solution of 8-/ert-butyl-3-ethoxy-5,5-dimethyl-5,6-dihydro- 

naphthalene-2-carbaldehyde (Compound A-27, 450 mg, 1.57 mmol) in 
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THF (7 mL) and l,3-dimethyl-3,4,5,6-tetrahydro-2(7/^-pyrimidinoiie 
(DMPU, 0.3 mL) was added ethylmagnesium chloride (2 M in THF, 1.6 
mL, 3.1 mmol). After stirring at 0 °C for 30 min, the reaction was quenched 
with IN HC1. The resulting mixture was diluted with water, extracted with 
ethyl acetate. The combined organic layers were washed with water and 
brine, dried (MgS0 4 ), filtered, and concentrated under reduced pressure to 
give the title compound as a colorless oil after purification by flash 
chromatography (silica gel, 10% ethyl acetate in hexane). 
'H NMR (300 MHz, CDC1 3 ): 8 0.99 (t, J=7.3 Hz, 3H), 1 .20 (s, 6H), 1 .34 
(m, 9H), 1.43 (t, J=7.0 Hz, 3h), 1.82-1.88 (m. 2H), 2.1 1 (d, J=5.0 Hz, 2H), 
2.67 (d, J=6.1 Hz, 1H), 4.13 (q, J=7.0 Hz, 2H), 4.77 (q, J=6.7 Hz, 1H), 5.83 
(t, J=5.0 Hz, 1H), 6.83 (s, 1H), 7.58 (s, 1H). 

l-f8-/gr?-Butvl-3-ethoxv-5.5-dimethvl-5,6-dihvdronaphthalen-2-vlVprot>an- 

1-one (Compound A-29) 

A solution of l-(8-ferr-butyl-3-ethoxy-5,5-dimethyl-5,6-dihydro- 
naphthalen-2-yl)-propan-l-ol (Compound A-28, 600 mg, 1.89 mmol), 4 A 
molecular sieves (0.5 g), and dichloromethane (8 mL) was treated with 
tetrapropylammonium peruthenate (TPAP, 35 mg, 0,10 mmol) and 4- 
methylmorpholine N-oxide (442 mg, 3.8 mmol) and acetonitrile (4 mL). 
The solution was stirred under argon for 30 min and applied directly to flash 
chromatography (silica gel, 2% to 5% ethyl acetate in hexane) to give rise to 
the title compound as an oil. 

'H NMR (300 MHz, CDC1 3 ): S 1.17 (t, J=7.3 Hz, 3H), 1.22 (s, 6H), 1.34 (s, 
9H), 1.49 (t, J=7.0 Hz, 3H), 2.12 (d, J=5.0 Hz, 2H), 3.03(q, J=7.3 Hz, 1H), 
4.13 (q, J=7. Hz, 2H), 5.84 (t, J=5.0 Hz, 1H), 6.89 (s, 1H), 8.14 (s, 1H). 
7-Bromo-4.4-dimethvl-6-ethoxv-l-isopropyl-3.4-dihvdronaphthalene 
(Compound A-32) General Procedure D-l 
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To a solution of 7-bromo-4,4-dimethyl-6-hydroxy- 1 -isopropyl-3 ,4- 
dihydronaphthalene (Compound A-30, United States Patent No. 6,613,917, 
0.251 g, 0.814 mmol) in acetone (10 mL) at room temperature was added 
potassium carbonate (422 mg) and iodoethane (0.651 mL, 8.14 mmol), and 
the resulting solution was stirred at 60 °C for 16 h, then cooled to room 
temperature. The mixture was diluted with water, extracted with hexane, 

and washed with 2N NaOH, and brine, dried over MgS0 4 , and filtered. The 

i 

solvent was removed under reduce pressure, and the residue was purified by 
flash column chromatography (silica gel, 98:2 hexane/ethyl acetate) to 
afford the title compound as a clear oil. 

! H NMR (300 MHz, CDC1 3 ) 8 1 . 14 (d, 6 H, J = 6.5 Hz), 1 .20 (s, 6 H), 1 .47 
(t, 3H, J = 6.0 Hz), 2.15 (d, 2 H, J = 4.5 Hz), 2.85 (m, 1 H, J = 6.5 Hz), 4.13 
(q, 2 H, J = 6.0 Hz), 5.67 (t, 1 H, J = 4.5 Hz), 6.86 (s, 1 H), 7.46 (s, 1 H). 
7-Bromo-4.4-dimethvl-6-n-prot>oxv-l-isopropv l-3.4-dihvdronaphthalene 

(Compound A-33) 

As described in General Procedure D- 1 , 7-bromo-4,4-dimethyl-6- 
hydroxy-1 -isopropyl-3 ,4-dihydronaphthalene (Compound A-30, United 
States Patent No. 6,613,917, 0.100 g, 0.339 mmol), potassium carbonate 
(140 mg) and 1-iodopropane (0.331 mL, 3.39 mmol), were reacted in 
acetone (3 mL) to produce the title compound as a clear oil after purification 
by flash column chromatography (silica gel, 98:2 hexane/ethyl acetate). 
*H NMR (300 MHz, CDC1 3 ) 5 1 .08 (t, 3H,J = 6.3 Hz), 1 . 14 (d, 6 H, J = 6.5 
Hz), 1.21 (s, 6 H), 1.86 (m, 2 H, J = 6.3 Hz), 2.15 (d, 2 H, J = 4.5 Hz), 2.85 
(m, 1 H, J = 6.5 Hz), 4.01 (t, 2 H, J = 6.3 Hz), 5.67 (t, 1 H, J = 4.5 Hz), 6.85 
(s, 1 H), 7.46 (s, 1 H). 

7-Bromo-4.4-dimethvl-6-rcvclopropvnmethoxv- 1 -isopropyl-3 , 4- 
dihvdronaphthalene (Compound A-34) 

600 64 PA 17626 



136 



As described in General Procedure D-l, 7-bromo-4,4-dimethyl-6- 
hydroxy-l-isopropyl-3,4-dihydronaphthalene (Compound A-30, United 
States Patent No. 6,613,917, 100 g, 0.339 mmol), potassium carbonate (141 
mg) and 1-bromomethylcyclopropane (0.328 mL, 3.39 mmol), were reacted 
in acetone (3 mL) to produce the title compound as a clear oil. 
J H NMR (300 MHz, CDC1 3 ): 5 0.40 (q, 2 H, J = 5.5 Hz), 0.65 (q, 2 H, J = 
5.5 Hz), 1.14 (d, 6 H, J = 6.5 Hz), 1.20 (s, 6 H), 1.24 (m, 1H), 2.15 (d, 2 H, J 
= 4.5 Hz), 2.85 (m, 1 H, J = 6.5 Hz), 3.91 (d, 2 H, J = 5.5 Hz), 5.68 (t, 1 H, J 
= 4.5 Hz), 6.86 (s, 1 H), 7.46 (s, 1 H). 

7-Bromo-4.4-dimethvl-6-n-propoxv- 1 -t ert-butvl-3 .4-dihv dronaphthalene 

(Compound A-35) 

As described in General Procedure D-l, 7-bromo-4,4-dimethyl-6- 
hydroxy-l-tert-butyl-3,4-dihydronaphthalene (Compound A-31, United 
States Patent No. 6,613,917, 070 g, 0.226 mmol), potassium carbonate (94 
mg) and 1-iodopropane (0.220 mL, 2.26 mmol), were reacted in acetone (3 
mL) to produce the title compound as a clear oil. 

] H NMR (300 MHz, CDC1 3 ): 5 1 .08 (t, 3 H, J = 6.3 Hz), 1 . 19 (s, 6 H), 1 .32 . 
(s, 9 H), 1.85 (m, 2 H, J = 6.3 Hz), 2.1 1 (d, 2 H, J = 4.5 Hz), 4.01 (t, 2 H, J = 
6.3 Hz), 5,85 (t, 1 H, J = 4.5 Hz), 6.85 (s, 1 H), 7.79 (s, 1 H). 
1 .(4.4-dimethvl-6-ethoxv- 1 -isoprop vl-3 .4-dihvdronaph thalen-7-vl)ethanone 
(Compound A-24) General Procedure E-l 

To a solution 7-bromo-4,4-dimethyl-6-ethoxy-l-isopropyl-3,4- 
dihydronaphthalene (Compound A-32, 284 mg, 0.879 mmol) in THF (5 
mL) was tributyl(l-ethoxyvinyl) tin (0.445 mL, 1.32 mmol), and the 
resulting solution was purged with dry argon for 1 5 min. 
Dichlorobis(triphenylphosphine)palladium(II) (0.031 g, 0.044 mmol) was 
added and the solution was refluxed until the reaction was complete by TLC 

600 64 PA 17626 



137 



analysis. The reaction was cooled to room temperature. The mixture was 
diluted with water, extracted with ethyl ether, washed with brine, dried over 
MgS0 4 , and filtered. The solvent was removed under reduce pressure, and 
the residue was purified by flash column chromatography (silica gel, 95:5 
hexane/ethyl acetate) to produce the title compound as a colorless solid. 
J H NMR (300 MHz, CDC1 3 ): 5 1.14 (d, 6 H, J = 6.5 Hz), 1.23 (s, 6 H), 1.49 
(t, 3H, J - 6.3 Hz), 2.16 (d, 2 H, J = 3.5 Hz), 2.63 (s, 3 H), 2.95 (m, 1 H, J = 
6.5 Hz), 4.18 (q, 2 H, J = 6.3 Hz), 5.68 (t, 1 H, J = 3.5 Hz), 6.90 (s, 1 H), 
7.76 (s, 1 H). 

1 -(4,4-dimethyl-6-K-propoxy- 1 -isopropyl-3 ,4-dihydronaphthalen-7- 
ypethanone (Compound A-36) 

As described in General Procedure E-l, 7-bromo-4,4-dimethyl-6-«- 
propoxy-1 -isopropyl-3 ,4-dihydronaphthalene (Compound A-33, 0.90 g, 
0.267 mmol), tributyl (1-ethoxyvinyl) tin (0.14 mL, 0.40 mmol) and 
dichlorobis(triphenylphosphine)palladium(II) (0.009 g, 0.013 mmol) were 
reacted in THF (3 mL) to produce the title compound as a yellow oil after 
purification by flash column chromatography (silica gel, 95:5 hexane/ethyl 
acetate). 

! H NMR (300 MHz, CDC1 3 ) 5 1.10 (t, 3 H, J = 6.3 Hz), 1.13 (d, 6 H, J - 6.5 
Hz), 1.23 (s, 6 H), 1.90 (m, 2 H, J = 6.3 Hz), 2.16 (d, 2 H, J = 4.5 Hz), 2.64 
(s, 3 H), 3.01 (m, 1 H, J = 6.5 Hz), 4.07 (t, 2 H, J = 6.3 Hz), 5.68 (t, 1 H, J = 
4.5 Hz), 6.89 (s, 1 H), 7.77 (s, 1 H). 
1 -(4.4-dimethyl-6-f cyclopropyl)methoxv- 1 -isoprop vl-3 A- 
dihydronaphthalen-7-yl)ethanone (Compound A-37) 

As described in General Procedure E-l, 7-bromo-4,4-dimethyl-6- 
(cyclopropyl)methoxy-l -isopropyl-3, 4-dihydronaphthalene (Compound A- 
34, 0.65 g, 0.19mmol), tributyl (l-ethoxyvinyl)tin (0.21 mL, 0.63 mol) and 
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dichlorobis(triphenylphosphine)palladium(II) (0.016 g, 0.023 mmol) were 
reacted in THF (4 mL) to produce the title compound as a yellow oil after 
purification by flash column chromatography (silica gel, 95:5 hexane/ethyl 
acetate). 

J H NMR (300 MHz, CDC1 3 ): 8 0.39 (q, 2 H, J = 5.5 Hz), 0.67 (q, 2H,J = 
5.5 Hz), ), 1.14 (d, 6 H, J = 6.5 Hz), 1.22 (s, 6 H), 1.25 (m, 1H), 2.16 (d, 2 
H, J = 4.5 Hz), 2.68 (s, 3 H), 3.01 (m, 1 H, J = 6.5 Hz), 3.95 (d, 2 H, J = 6.5 
Hz), 5.68 (t, i H, J = 4.5 Hz), 6.85 (s, 1 H), 7.77 (s, 1 H). 
1 -r4.4-dimethvl-6-ethoxv- 1 -ferf-buvl-3.4-dihvdronaphthalen-7-vDethanone 
(Compound A-38) 

As described in General Procedure E-l, 7-bromo-4,4-dimethyl-6- 
ethoxy-l-ter?-butyl-3,4-dihydronaphthalene (Compound A-6, 0.075 g, 
0.224 mmol), tributyl (l-ethoxyvinyl)tin (0.1 1 mL, 0.33 mmol) and 
dichlorobis(triphenylphosphine)palladium(II) (0.008 g, 0.011 mmol) were 
reacted in THF (3 mL) to produce the title compound as a yellow oil after 
purification by flash column chromatography (silica gel, 95:5 hexane/ethyl 
acetate). 

J H NMR (300 MHz, CDC1 3 ) 5 1.21 (s, 6 H), 1.34 (s, 9 H), 1.49 (t, 1 H, J = 
6.3 Hz), 2. 1 1 (d, 2 H, J = 4.5 Hz), 2.64 (s, 3 H), 4. 1 8 (q, 2 H, J = 6.3 Hz), 
5.85 (t, 1 H, J = 4.5 Hz), 6.89 (s, 1 H), 8. 13 (s, 1 H). 

1 -f4.4-dimethvl-6-«-propoxv- 1 -fert-buvl-3.4-dihvdronaphthalen-7- 

vDethanone (Compound A-39) 

As described in General Procedure E-l, 7-bromo-4,4-dimethyl-6-«- 
propoxy-l-/ert-butyl-3,4-dihydronaphthalene (Compound A-35, 78 mg, 
0.22 mmol), tributyl (l-ethoxyvinyl)tin (0.1 1 mL, 0.33 mmol) and 
dichlorobis(triphenylphosphine)palladium(II) (0.008 g, 0.01 1 mmol) were 
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reacted in THF (3 mL) to produce the title compound as a yellow oil after 
purification by flash column chromatography (silica gel, 95:5 hexane/ethyl 
acetate). 

l H NMR (300 MHz, CDC1 3 ): 5 1.10 (t, 3 H, J = 6.3 Hz), 1.22 (s, 6 H), 1.34 
(s, 9 H), 1.89 (m, 2H,J = 6.3 Hz), 2.12 (d, 2 H, J = 4.5 Hz), 2.64 (s, 3 H), 
4.06 (t, 2 H, J = 6.3 Hz), 5.85 (t, 1 H, J = 4.5 Hz), 6.89 (s, 1 H), 8.14 (s, 1 
H). 

Ethyl r2EV3-( r 3-ethoxv-5,5-dimethvl-5,6-dihvdro-naphthalen-2-vl)-2-fluoro- 
but-2-enoate (Compound A-40) General Procedure F-l 

To a solution of triethyl 2-fluoro-2-phosphonoacetate (0.61 g, 2.50 
mmol) in THF (5 mL) at -78 °G was added n-butyllithium (1 .6 M in 
hexane, 1.6 mL, 2.5 mmol). After 10 min, a solution of l-(3-ethoxy-5,5- 
dimethyl-5,6-dihydro-naphthalen-2-yl)-ethanone (Compound A-25, 122 
mg, 0.50 mmol) in THF (2 mL) was added and the reaction was stirred for 6 
h while warming gradually to room temperature. The reaction was then 
quenched with aqueous NH4CI and extracted with ethyl acetate. The 
combined organic layers were washed with brine, dried over Na 2 S0 4 , and 
concentrated in vacuo. The residue was purified by flash chromatography 
(silica gel, 2% ethyl acetate in hexanes) to give the title compound as a 
colorless oil. 

*H NMR (300 MHz, CDC1 3 ): 5 0.96 (t, J = 7.0 Hz, 3H), 1.25 (s, 6H), 1.34 (t, 
J = 7.0 Hz, 3H), 2.09 (d, J = 4.4 Hz, 3H), 2.20 (dd, J = 4.3, 1 .6 Hz, 2 H), 
4.01 (q, J = 7.0 Hz, 2H), 4.03 (q, J = 7.0 Hz, 2H), 5.80 (dt, J = 4.5, 9.4 Hz, 
1H), 6.35 (d, J = 9.7 Hz, 1H), 6.72 (s, 1H), 6.82 (s, 1H). 
Ethvl (2EV3-r3-ethoxv-5,5-dimethvl-5.6-dihvdro-naphthalen-2-vl)-2>fluoro- 
pent-2-enoate (Compound A-41) 
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Following General Procedure F-l, triethyl-2-fiuoro-2- 
phosphonoacetate (0.52 g, 2.15 mmol) and l-(3-ethoxy-5,5-dimethyl-5,6- 
dihydro-naphthalen-2-yl)-ethanone (Compound A-26, 112 mg, 0.43 mmol) 
were reacted to give the title compound as a clear oil after purification by 
flash chromatography (silica gel, 2% ethyl acetate in hexanes). 
*H NMR (300 MHz, CDC1 3 ) 5 0.93 (t, J = 7.2 Hz, 3H), 0.99 (t, J = 8.0 Hz, 
3H), 1.25 (s, 6H), 1.33 (t, J = 7.0 Hz, 3H), 2.20-2.19 (m, 2H), 2.54-2.48 (m, 
2 H), 3.99 (q, J = 7.2 Hz, 2H), 4.02 (q, J = 7.0 Hz, 2H), 5.80 (dt, J = 4.5, 9.4 
Hz, 1H), 6.35 (d, J = 9.4 Hz, 1H), 6.67 (s, 1H), 6.81 (s, 1H). 
Ethyl r2E)-3-(3-ethoxv-8-ethvl-5.5-dimethvl-5.6-dihvdro-naphthalen-2-vn- 
2-fluoro-pent-2-enoate (Compound A-42) 

Following General Procedure F-l, triethyl-2-fluoro-2- 
phosphonoacetate (0. 12 mL, 0.58 mmol) and of l-(3-ethoxy-8-ethyl-5,5- 
dimethyl-5,6-dihydro-naphthalen-2-yl)-propan-l-one (Compound A-23, 55 
mg, 0.19 mmol) were reacted to give the title compound as a clear oil after 
purification by preparative TLC (5% ethyl acetate in hexane). 
'H NMR (300 MHz, CDC1 3 ): 5 0.91 (t, J = 7.1 Hz, 3H), 1.00 (t, J = 7.5 Hz, 
3H), 1.1 1 (t, J = 7.4 Hz, 3H), 1.23 (s, 6H), 1.34 (t, J = 7.1 Hz, 3H), 2.16 (m, 
2H), 2.40 (m, 2H), 2.54 (m, 2H), 3.97 (q, J = 7.1 Hz, 2H), 4.03 (q, J = 7.0 
Hz, 2H), 5.62 (br t, J = 4.5 Hz, 1H), 6.83 (s, 1H), 6.88 (s, 1H). 
Ethyl f2E)-2-Fluoro-3-r4.4-dimethvl-6-ethoxv- 1 -isopronvl-3.4- 
dihvdronaphthalen-7-vl)-2-butenoate (Compound A-43) 

As described in General Procedure F-l, l-(4,4-dimethyl-6-ethoxy-l- 
isopropyl-3,4-dihydronaphthalen-7-yl)ethanone (Compound A-24, 240 mg, 
0.840 mmol) and triethyl 2-fluoro-2-phosphonoacetate (0.51 mL, 2.52 
mmol) were reacted with lithium diisopropylamide (2.60 mmol) in THF (2 
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mL) to produce the title compound after purification by flash column 
chromatography (silica gel, 97:3 hexane/ethyl acetate). 
! H NMR (300 MHz, CDC1 3 ) 5 0.92 (t, 3 H, J = 6.5 Hz), 1.12 (d, 6 H, J = 6.5 
Hz), 1.21 (s, 6 H), 1.35 (t, 3H, J = 6.3 Hz), 2.1 l(d, 3 H, J = 3.5 Hz), 2.15 (d, 
2 H, J = 3.5 Hz), 2.85 (m, 1 H, J = 6.5 Hz), 3.99 (q, 2 H, J = 6.5 Hz), 4.04 
(q, 2H,J = 6.3 Hz), 5.64 (t, 1 H, J = 3.5 Hz), 6.83 (s, 1 H), 6.97 (s, 1 H). 
Ethyl f2E)-2-Fluoro-3-f 4.4-dimethvl-6-»-propoxv- 1 -isopropvl-3 .4- 
dihydronaphthalen-7-vl)-2-butenoate (Compound A-44) 

As described in General Procedure F-l, l-(7-bromo-4,4-dimethyl-6- 
«-propoxy- 1 -isopropyl-3 ,4-dihydronaphthalen-yl)ethanone (Compound A- 
36, 0.034 g, 0.1 13 mmol) and triethyl 2-fluoro-2-phosphonoacetate (0.17 
mL, 0.86 mmol) were reacted with lithium diisopropylamide (0.86 mmol) in 
THF (2 mL) to produce the title compound as a yellow oil after purification 
by flash column chromatography (silica gel, 97:3 hexane/ethyl acetate). 
'H NMR (300 MHz, CDC1 3 ) 5 0.91 (t, 3 H, J = 6.5 Hz), 0.99 (t, 3 H, J = 6.3 
Hz), 1 . 12 (d, 6 H, J = 6.5 Hz), 1 .22 (s, 6 H), 1 .74 (m, 2 H, J = 6.3 Hz), 2. 1 1 
(d, 3 H, J = 3.5 Hz), 2. 16 (d, 2 H, J = 3.5 Hz), 2.85 (m, 1H,J = 6.5 Hz), 
3.93 (t, 3 H, J = 6.5 Hz), 3.98 (t, 2 H, J - 6.3 Hz), 5.64 (t, 1 H, J = 3.5 Hz), 
6.83 (s, 1 H), 6.97 (s, 1 H). 

Ethyl (2E)-2-Fluoro-3-(4.4-dimethyl-6-f cvclopropvPmethoxv- 1 -isopropvl- 
3.4-dihvdronaphthalen-7-vlV2-butenoate (Compound A-45) 

As described in General Procedure F-l, 1 -(7-bromo-4,4-dimethyl-6- 
(cyclopropyl)methoxy-l-isopropyl-3,4-dihydronaphthalen-yl)ethanone 
(Compound A-37, 0.029 g, 0.093 mmol) and triethyl 2-fluoro-2- 
phosphonoacetate (0.17 mL, 0.86 mmol) were reacted with lithium 
diisopropylamide (0.86 mmol) in THF (2 mL) to produce the title 
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compound as a yellow oil after purification by flash column 
chromatography (silica gel, 97:3 hexane/ethyl acetate). 
'H NMR (300 MHz, CDC1 3 ) 5 0.29 (q, 2 H, J = 3.5 Hz), 0.67 (q, 2 H, J = 
4.5 Hz), 0.92 (t, 3 H, J = 6.5 Hz), 1.14 (d, 6 H, J = 6.5 Hz), 1.22 (s, 6 H), 
1.25 (m, 1H), 2.14 (d, 3 H, J = 3.5 Hz), 2.15 (d, 2H, J = 3 Hz), 2.85 (m, 1 H, 
J = 6.5 Hz), 3.82 (d, 2 H, J = 6.5 Hz), 3.99 (q, 2 H, J = 6.5 Hz), 5.64 (t, 1 H, 
J = 3.5 Hz), 6.82 (s, 1 H), 6.97 (s, 1 H). 

Ethvl r2EV2-Fluoro-3-r4.4-dimethvl-6-ethoxv- 1 -fert-butyl-3 A- 
dihvdronaphthalen-7-vlV2-butenoate (Compound A-46) 

As described in General Procedure F, l-(7-bromo-4,4-dimethyl-6- 
ethoxy- l-tert-butyl-3,4-dihydronaphthalen-yl)ethanone (Compound A-38, 
43 mg, 0.14 mmol) and rriethyl 2-fluoro-2-phosphonoacetate (0.17 mL, 0.86 
mmol) were reacted with lithium diisopropylamide (0.86 mmol) in THF (2 
mL) to produce the title compound as a yellow oil after purification by flash 
column chromatography (silica gel, 97:3 hexane/ethyl acetate). 
! H NMR (300 MHz, CDC1 3 ) 5 0.90 (t, 3 H, J = 6.5 Hz), 1.20 (s, 6 H), 1.29 
(s, 9 H), 1.35 (t, 1 H, J = 6.3 Hz), 2. 1 1 (d, 2 H, J = 3.5 Hz), 2. 13 (d, 3 H, J = 
3.5 Hz), 3.97 (q, 2 H, J = 6.5 Hz), 4.04 (q, 2 H, J = 6.3 Hz), 5.82 (t, 1 H, J = 
3.5 Hz), 6.83 (s, 1 H), 7.29 (s, 1 H). 
, Ethvl (2EV3-r8-fer?-butvl-3-ethoxv-5.5-dimethvl-5.6-dihvdronaphthalen-2- 
ylV2-fluoro-pent-2-enoate (Compound A-47) 

As described in General Procedure F-l, l-(8-ter*-butyl-3-ethoxy-5,5- 
dimethyl-5,6-dihydronaphthalen-2-yl)-propan-l-6ne (Compound A-29, 550 
mg, 1.75 mmol) and triethyl 2-fluoro-2-phosphonoacetate (1.27 g, 5.25 
mmol) were reacted with n-butyllithium (1.6 M in hexanes, 3.3 mL, 5.25 
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mmol) in THF to produce the title compound as an oil after purification by 
flash chromatography (silica gel, 1% to 2% ethyl acetate in hexane). 
*H NMR (300 MHz, CDC1 3 ): 5 0.87 (t, J=7.0Hz, 3H), 1.02 (t, J=7.1Hz, 3H), 
1.20 (s, 6H), 1.29 (s, 9H), 1.34 (t, J=7.0Hz, 3H), 2.1 1 (d, J=4.7Hz, 2H), 2.55 
(m, 2H), 3.95 (q, J=7.0Hz, 2H), 4.03 (q, J=7.0Hz, 2H), 5.81 (t, J=4.7Hz, 
1H), 6.82 (s, 1H), 7.24 (s, 1H). 

Ethvl (2E)-2-Fluoro-3-( 4,4-dimethvl-6-M-propoxv- 1 -fert-butvl-3 ,4- 
dihvdronaphthalen-7-vlV2-butenoate (Compound A-48) 

As described in General Procedure F-l, l-(7-bromo-4,4-dimethyl-6- 
propoxy- 1 -/er/-butyl-3,4-dihydronaphthalen-yl)ethanone (Compound A-39, 
34 mg, 0.1 1 mmol) and triethyl 2-fluoro-2-phosphonoacetate (0.17 mL, 0.86 
mmol) were reacted with lithium diisopropylamide (0.86 mmol) in THF (2 
mL) to produce the title compound as a yellow oil after purification by flash 
column chromatography (silica gel, 97:3 hexane:ethyl acetate). 
'H NMR (300 MHz, CDC1 3 ) 5 0.89 (t, 3 H, J = 6.5 Hz), 0.99 (t, 3 H, J = 6.5 
Hz), 1 .20 (s, 6 H), 1 .29 (s, 9 H), 1 .75 (m, 2 H, J = 6.5 Hz), 2. 1 1 (d, 2 H, J = 
3.5 Hz), 2.13 (d, 3 H, J = 3.5 Hz), 3.94 (q, 2 H, J = 6.5 Hz), 3.97 (q, 2H ( J = 
6.5 Hz), 5.82 (t, 1 H, J = 3.5 Hz), 6.82 (s, 1 H), 7.29 (s, 1 H). 
r2EV3-(3-Ethoxv-5.5-dimethvl-5.6-dihvdro-naphthalen-2-vD-2-fluoro-but- 

2-en-l-ol (Compound A-49) General Procedure G-l 

A solution of diisobutylaluminum hydride (1.0 M in dichloromethane, 
0.21 mL, 0.21 mmol) was added to a - 78 °C solution of ethyl (2E)-3-(3- 
ethoxy-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-2-fluoro-but-2-enoate 
(Compound A-40, 70 mg, 0.09 mmol) and THF (3 mL). The solution was 
stirred under argon for 4 h and quenched withmethanol (1 mL). After 10 
min, the mixture was diluted with saturated aqueous NH4CI, and the product 
was extracted with ethyl ether. The combined ether extracts were washed 
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with brine, dried over MgS0 4 , filtered, and concentrated under reduced 

pressure to give the title compound as a colorless oil after purification by 

flash chromatography (silica gel, 10% ethyl acetate in hexanes). 

'H NMR (300 MHz, CDC1 3 ) 5 1.25 (s, 6H), 1.39 (t, J = 6.9 Hz, 3H), 1.96 (d, 

J = 3.8 Hz, 3H), 2.21 (dd, J = 4.4, 1.8 Hz, 2 H), 4.09-3.96 (m, 4H), 5.84 (dt, 

J = 4.6, 9.7 Hz, 1H), 6.36 (d, J = 9.4 Hz, 1H), 6.78 (s, 1H), 6.86 (s, 1H). 

( , 2E)-3-(3-Ethoxv-5.5-dimethvl-5.6-dihvdro-nar>hthalen-2-vlV2-fluoro-pent- 

2-en-l-ol (Compound A-50) 

Following General Procedure G-l, ethyl (2E)-3-(3-ethoxy-5,5- 
dimethyl-5,6-dihydro-naphthalen-2-yl)-2-fluoro-pent-2-enoate (Compound 
A-41, 52 mg, 0.15 mmol) and diisobutylaluminum hydride (1M in 
methylene chloride, 0.36 mL, 0.36 mmol) were reacted to give the title 
compound as a colorless oil after purification by flash chromatography 
(silica gel, 10% ethyl acetate in hexanes). 

! H NMR (300 MHz, CDC1 3 ) 5 0.93 (t, J = 7.5 Hz, 3H), 1.25 (s, 6H), 1.38 (t, 
J = 7.0 Hz, 3H), 2.23-2. 14 (m, 4 H), 2.42 (br s, OH), 4.05-3.91 (m, 4H), 
5.83 (dt, J = 4.5, 9.2 Hz, 1H), 6.36 (d, J = 9.7 Hz, 1H), 6.75 (s, 1H), 6.85 (s, 
1H). 

(2EV3-('3-Ethoxv-8-ethvl-5.5-dimethvl-5.6-dihvdro-naph thalen-2-vl)-2- 

fluoro-pent-2-en- l-ol (Compound A-51) 

Following General Procedure G-l, ethyl (2E)-3-(3-ethoxy-8-ethyl- 
5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-2-fluoro-pent-2-enoate 
(Compound A-42, 42 mg, 0.1 1 mmol) in toluene (2 mL) and 
diisobutylaluminum hydride (1.0 M in hexane, 0.48 mL, 0.48 mmol) were 
reacted to give the title compound after purification by flash 
chromatography (silica gel, 2.5% ethyl acetate in hexanes). 
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l H NMR (500 MHz, CDC1 3 ): 5 0.94 (t, J = 7.5 Hz, 3H), 1.13 (t, J = 7.5 Hz, 
3H), 1.24 (s, 6H), 1.38 (t, J = 6.9 Hz, 3H), 1.93 (br, 1H), 2.17 (m, 2H), 2.38- 
2.46 (m, 4H), 3.93-4.10 (m, 4H), 5.66 (br t, J = 4.5 Hz, 1H), 6.87 (s, 1H), 
6.97 (s, 1H). 

f2E)-2-Fluoro-3-(4.4-dimethvl-6-ethoxv-l-isopropyl-3.4- 
dihvdronaphthalen-7-vlV2-butenol (Compound A-52) 

Following General Procedure G-l, diisobutylaluminum hydride (1.0 
M in hexanes, 2.2 mL, 2.2 mmol) and ethyl (2E)-2-fluoro-3-(4,4-dimethyl- 
6-ethoxy-l-isopropyl-3,4-dihydronaphthalen-7-yl)-2-butenoate (Compound 
A-43, 0.205 g, 0.55 mmol) in THF (6 mL) were reacted to give the title 
compound. 

! H NMR (300 MHz, CDC1 3 ): 5 1.13 (d, 6 H, J = 6.5 Hz), 1.21 (s, 6 H), 1.38 
(t, 3H, J = 6.3 Hz), 1.98 (d, 3 H, J = 2 Hz), 2.15 (d, 2 H, J = 3 Hz), 2.87 (m, 
1 H, J = 6.5 Hz), 3.97 (br q, 2 H), 4.06 (br q, 2 H), 5.66 (t, 1 H, J = 3 Hz), 
6.86 (s, 1 H), 7.05 (s, 1 H). 

Y2E)-2-Fluoro-3 -( 4.4-dimethvl-6-n-propoxv- 1 -isopropoxv-3 A- 
dihvdronaphthalen-7-vlV2-butenol (Compound A-53) 

As described in General Procedure G-l, ethyl (2E)-2-fluoro-3-(4,4- 
dimethyl-6-w-propoxy- 1 -isopropyl-3 ,4-dihydronaphthalen-7-yl)-2-butenoate 
(Compound A-44, 0.041 g, 0.106 mmol) and diisobutylaluminum hydride 
(1.0 M in hexanes, 0.842 mL, 0,842 mmol) were reacted in THF (1 mL) to 
produce the title compound as an oil. 

'H NMR (300 MHz, CDC1 3 ) 5 1.02 (t, 3 H, J = 6.3 Hz), 1.13 (d, 6 H, J = 6.5 
Hz), 1.21 (s, 6 H), 1.80 (m, 2 H, J = 6.3 Hz), 1.99 (d, 3 H, J = 2 Hz), 2.12 (d, 
2 H, J = 3 Hz), 2.85 (m, 1 H, J = 6.5 Hz), 3.95 (t, 3 H, J = 6.3 Hz), 4.04 (br 
d, 2 H, J = 24 Hz), 5.85 (t, 1 H, J = 3 Hz), 6.86 (s, 1 H), 7.38 (s, 1 H). 
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r2EV2-Fluoro-3-(4.4-dimethvl-6-( cyclopropvPmethoxv- 1 -isopropyl-3.4- 
dihvdronaphthalen-7-vlV2-butenol (Compound A-54) 

As described in General Procedure G- 1 , ethyl (2E)-2-fluoro-3-(4,4- 
dimethyl-6-(cyclopropyl)methoxy-l-iso-propyl-3,4-dihydronaphthalen-7- 
yl)-2-butenoate (Compound A-45, 0.025 g, 0.062 mmol) and 
diisobutylaluminum hydride (1.0 M in hexanes, 0.50 mL, 0.50 mmol) were 
reacted in THF (0.5 mL) to produce the title compound as an oil. 
'H NMR (300 MHz, CDC1 3 ): 8 0.34 (q, 2 H, J = 4.5 Hz), 0.65 (q, 2 H, J = 
4.5 Hz), 1.14 (d, 6 H, J = 6.5 Hz), 1.22 (s, 6 H), 1.25 (m, 1H), 2.00 (d, 3 H, J 
= 3 Hz), 2. 16 (d, 2H, J = 3 Hz), 2.47 (br t, 1 H), 2.88 (m, 1 H, J = 6.5 Hz), 
3.81 (d, 2 H, J = 6.3 Hz), 4.02 (br d, 2 H, J = 24 Hz), 5.68 (t, 1 H, J = 3 Hz), 
6.85 (s, 1 H), 7.07 (s, 1 H). 

f 2EV2-Fluoro-3-(4.4-dimethvl-6-ethoxv- 1 -fert-butvl-3 .4- 
dihvdronaphthalen-7-vl1-2-butenol (Compound A-55) 

As described in General Procedure G-l, ethyl (2E)-2-fluoro-3-(4,4- 
dimethyl -6-ethoxy- 1 -tert-butyl-3 ,4-dihydronaphthalen-7-yl)-2-butenoate 
(Compound A-46, 0.037 g, 0.095 mmol) and diisobutylaluminum hydride 
(1.0 M in hexanes, 0.76 mL, 0.76 mmol) were reacted in THF (0.75 mL) to 
produce the title compound as an oil. 

! H NMR (300 MHz, CDC1 3 ): 5 1.21 (s, 6 H), 1.32 (s, 9 H), 1.40 (t, 1 H, J = 
6.3 Hz), 2.00 (d, 3 H, J = 2 Hz), 2.12 (d, 2 H, J = 3.5 Hz), 2.15 (br t, 1 H), 
4.03 (br d, 2 H, J = 18 Hz), 4.08 (br q, 2 H), 5.85 (t, 1 H, J = 3.5 Hz), 6.86 
(s, 1 H), 7.38 (s, 1 H). 

(2E > )-3-f8-fer/-Butvl-3-ethoxv-5.5-dimethvl-5,6-dihvdrona phthalen-2-vl)-2- 
fluoro-pent-2-en- 1 -ol (Compound A-56) 

As described in General Procedure G-l, ethyl (2E)-3-(8-terf-butyl-3- 
ethoxy-5,5-dimethyl-5,6-dihydronaphthalen-2-yl)-2-fluoro-pent-2-enoate 
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(Compound A-47,650 mg, 1.61 mmol) and diisobutylaluminum hydride 
(1.0 M in hexanes, 6.5 mL, 16.5 mmol) were reacted in THF to produce the 
title compound as an oil after purification by flash chromatography (silica 
gel, 15% ethyl acetate in hexanes). 

'H NMR (300 MHz, CDC1 3 ): 8 0.95 (t, J=7.5Hz, 3H), 1.21 (s, 6H), 1.31 (s, 
9H), 1.38 (t, J=7.0Hz, 3H), 2.1 1-2.15 (m, 3H), 2.45 (bs, 2H), 3.94-4.13 (m, 
4H), 5.85 (t, J=5.0Hz, 1H), 6.85 (s, 1H), 7.34 (s, 1H). 
(2EV2-Fluoro-3-f4.4-dimethvl-6-/*-propoxv- 1 -fert-butvl-3.4- 
dihvdronaphthalen-7-vl)-2-butenol (Compound A-57) 

As described in General Procedure G-l, bthyl (2E)-2-fluoro-3-(4,4- 
dimethyl-6-n-propoxy- 1 -tert-butyl-3 ,4-dihydronaphthalen-7-yl)-2-butenoate 
(Compound A-48, 0.044 g, 0.109 mmol) and diisobutylaluminum hydride 
(1.0 M in hexanes, 0.87 mL, 0.87 mmol) were reacted in THF (0.87 mL) to 
produce the title compound as an oil. 

>H NMR (300 MHz, CDC1 3 ): 5 1.02 (t, 3 H, J = 6.5 Hz), 1.21 (s, 6 H), 1.32 
(s, 9 H), 1.77 (m, 2 H, J = 6.5 Hz), 1.99 (d, 3 H, J = 2.5 Hz), 2.10 (br t, 1 H), 
2.12 (d, 2 H, J = 4.5 Hz), 3.95 (br t, 2 H), 4.04 (br d, 2 H, J = 1 8 Hz), 5.85 
(t, 1 H, J = 4.5 Hz), 6.86 (s, 1 H), 7.38 (s, 1 H). 

(2EV3-(3-Ethoxv-5.5-dimethvl-5.6-dihvdro-naphthalen-2-vl)-2-fluoro-but- 
2-enal (Compound A-58) General Procedure H-l 

A solution of (2E)-3-(3-ethoxy-5,5-dimethyl-5,6-dihydro-naphthalen- 
2- y l)-2-fluoro-but-2-en-l-ol (Compound A-49, 18 mg, 0.06 mmol), 4 A 
molecular sieves (0.1 g) in dichloromethane (3 mL) was treated with 
tetrapropylammonium perruthenate (10 mg, 0.028 mmol) and 4- 
methylmorpholine N-oxide (15 mg, 0.12 mmol). The solution was stirred 
under argon for 30 min and filtered through a silica gel plug (20% ethyl 
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acetate in hexanes). The filtrate was concentrated under vacuum to give the 
title compound. 

'H NMR (300 MHz, CDC1 3 ): 5 1.28 (s, 6H), 1.39 (t, J = 7.0 Hz, 3H), 2.25- 
2.20 (m, 5H), 4.08 (q, J = 7.0 Hz, 4H), 5.88 (dt, J = 4.5, 10.0 Hz, 1H), 6.37 
(d, J = 9.7 Hz, 1H), 6.83 (s, 1H), 6.88 (s, 1H), 9.23 (d, J = 19.6 Hz, 1H) 
aEV3-(3-Ethoxv-5.5-dimethvl-5.6-dihvdro-naphthalen-2-vlV2-fluo ro-pent- 

2-enal (Compound A-59) 

Following General Procedure H-l, (2E)-3-(3-ethoxy-5,5-dimethyl- 
5,6-dihydro-naphthalen-2-yl)-2-fluoro-pent-2-en-l-ol (Compound A-50, 35 
mg, 0.12 mmol) and 4-methylmorpholine N-oxide (27 mg, 0.23 mmol) were 
reacted to give the title compound as a yellow solid after purification by 
flash chromatography (silica gel, 10 % ethyl acetate in hexanes). 
1 HNMR(300MHz,CDCl 3 ):5 1.03(t,J = 7.6Hz, 3H), 1.28 (s, 6H). 1.37 (t, 
J = 7.0 Hz, 3H), 2.25-2.23 (m, 2 H), 2.65 (qd, J = 2.8, 7.6 Hz, 2H), 4.07 (q, J 
= 6.8 Hz, 2H), 5.87 (dt, J = 4.5, 9.2 Hz, 1H), 6.36 (d, J = 9.7 Hz, 1H), 6.79 
(s, 1H), 6.87 (s, 1H), 9.17 (d, J = 19.6 Hz, 1H). 
r2EV2-Fluoro-3-(4.4-dimethvl-6-ethoxv- 1 -isopropvl-3 A- 
dihvdronaphthalen-7-vlV2-butenal (Compound A-61) 

As described in General Procedure H-l, (2E)-2-fluoro-3-(4,4- 
dimethyl-6-ethoxy- 1 -isopropyl-3 ,4-dihydronaphthalen-7-yl)-2-butenol 
(Compound A-52, 0.180 g, 0.54 mmol), tetrapropylammonium 
perruthenate (0.027 g, 0.081 mmol) and 4-methylmorpholine N-oxide 
(0.158 g, 1.35 mmol) were reacted in acetonitrile (1.5 mL) and 
dichloromethane (7.5 mL) to give the title compound. 
! H NMR (300 MHz, CDC1 3 ): 8 1.13 (d, 6 H, J = 6.5 Hz), 1.23 (s, 6 H), 1.37 
(t, 3H, J = 6.3 Hz), 2. 1 7 (d, 2 H, J = 3 Hz), 2.23 (d, 3 H, J = 2 Hz), 2.84 (m, 
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1 H, J = 6.5 Hz), 4.07 (q, 2 H, J = 6.3 Hz), 5.69 (t, 1 H, J = 3 Hz), 6.88 (s, 1 

H), 7.06 (s, 1 H), 9.22 (d, 1 H, J = 18 Hz). 
r2EV2-Fluoro-3-(4.4-dimethvl-6-« -propoxv-l-isopropvl-3.4- 

dihvdronaphthalen-7-vl>2-butenal (Compound A-62) 

As described in General Procedure H-l, (2E)-2-fluoro-3-(4,4- 
dimethyl-6-n-propoxy- 1 -isopropyl-3 ,4-dihydronaphthalen-7-yl)-2-butenol 
(Compound A-53, 0.024 g, 0.069 mmol), tetrapropylammonium 
perruthenate (0.012 g, 0.038 mmol) and 4-methylmorpholine N-oxide 
(0.022 g, 0.19 mmol) were reacted in acetonitrile (0.2 mL) and 
dichloromethane (1 mL) to produce the title compound as an oil. 
'H NMR (300 MHz, CDC1 3 ): 8. 1.01 (t, 3H,J = 6.3 Hz), 1.13 (d, 6 H, J = 
6.5 Hz), 1.24 (s, 6 H), 1.79 (m, 2 H, J = 6.3 Hz), 2.18 (d, 2 H, J = 2 Hz), 
2.24 (d, 2 H, J = 3 Hz), 2.85 (m, 1 H, J = 6.5 Hz), 3.97 (t, 3 H, J = 6.3 Hz), 
5.85 (t, 1 H, J = 3 Hz), 6.89 (s, 1 H), 7.07 (s, 1 H), 9.23 (d, 1 H. J = 18 Hz). 
f2EV2-Fluoro-3-r4.4-dimethvl-6-(cvc1opropvl)methoxy-l-isopr o p yl-3 1 4- 

dihvdronaphthalen-7-vlV2-butenal (Compound A-63) 

As described in General Procedure H- 1 , (2E)-2-fluoro-3-(4,4- 
dimethyl-6-(cyclopropyl)methoxy- 1 -isopropyl-3 ,4-dihydronaphthalen-7-yl)- 
2-butenol (Compound A-54, 0.025 g, 0.070 mmol), tetrapropylammonium 
perruthenate (0.012 g, 0.038 mmol) and 4-methylmorpholine N-oxide 
(0.022 g, 0.19 mmol) were reacted in acetonitrile (0.2 mL) and 
dichloromethane (1 mL) to produce the title compound as an oil. 
■H NMR (300 MHz, CDC1 3 ): 5 0.3 1 (q, 2 H, J = 4.5 Hz), 0.62 (q, 2 H, J = 
6.0 Hz), 1.13 (d, 6 H, J = 6.5 Hz), 1.23 (s, 6 H), 1.25 (m, 1H), 2.18 (d, 3 H, J 
= 3 Hz), 2.27 (d, 2H, J = 3 Hz), 2.85 (m, 1 H, J = 6.5 Hz), 3.86 (d, 2 H, J = 
6.3 Hz), 5.70 (t, 1 H, J = 3 Hz), 6.86 (s, 1 H), 7.08 (s, 1 H), 9.25 (d, 1 H, J = 
18 Hz). 
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(2EV2-Fluoro-3 -(4.4-dimethvl-6-ethoxv- 1 -tert-buvl-3 .4-dihvdronaphthalen- 
7-vl)-2-butenal (Compound A-64) 

As described in General Procedure H-l, (2E)-2-fluoro-3-(4,4- 
dimethyl-6-ethoxy-l-?erf-butyl-3,4-dihydronaphthalen-7-yl)-2-butenol 
(Compound A-55, 0.023 g, 0.066 mmol), tetrapropylammonium 
perruthenate (0.012 g, 0.038 mmol) and 4-methylmorpholine N-oxide 
(0.022 g, 0.19 mmol) were reacted in acetonitrile (0.2 mL) and 
dichloromethane (1 mL) to produce the title compound as an oil. 
*H NMR (300 MHz, CDC1 3 ): 5 1.21 (s, 6 H), 1.32 (s, 9 H), 1.40 (t, 1 H, J = 
6.3 Hz), 2.00 (d, 3 H, J = 2 Hz), 2.12 (d, 2 H, J = 3.5 Hz), 2.15 (br t, 1 H), 
4.03 (br d, 2 H, J = 18 Hz), 4.08 (br q, 2 H), 5.85 (t, 1 H, J = 3.5 Hz), 6.86 
(s, 1 H), 7.38 (s, 1 H), 9.26 (d, 1 H, J = 18 Hz). 

r2EV3-('8-fe^-Butvl-3-ethoxv-5.5-dimethvl-5.6-dihvdron aphtbalen-2-vl')-2- 

fluoro-pent-2-enal (Compound A-65) 

As described in General Procedure H-l, (2E)-3-(8-ferr-butyl-3- 
ethoxy-5,5-dimethyl-5,6-dihydronaphthalen-2-yl)-2-fluoro-pent-2-en-l-ol 
(Compound A-56, 487 mg, 1.61 mmol), tetrapropylammonium peruthenate 
(316 mg, 2.7 mmol) and 4-methylmorpholine N-oxide (3.5 mg) were 
reacted in acetonitrile (4 mL) and dichloromethane (8 mL) to produce the 
title compound as an oil after flash chromatography (silica gel, 10% ethyl 
acetate in hexane). 

'H NMR (300 MHz, CDC1 3 ): 5 1.05 (t, J=7.5Hz, 3H), 1.22 (s, 6H), 1.30 (s, 
9H), 1,37 (t, J=7.0Hz, 3H), 2.14 (d, J=5.0Hz, 2H), 2.61-2.68 (m, 2H), 4.07 
(q, J=7.0Hz, 2H), 5.87 (t, J=5.0Hz, 1H), 6.87 (s, 1H), '7.37 (s, 1H), 9.21 (d, 
J=19.6Hz, 1H). 

f 2EV2-Fluoro-3-(4.4-dimethvl-6-n-propoxy- 1 -fert-buvl-3 .4- 
dihvdronaphthalen-7-vlV2-butenal (Compound A-66) 
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As described in General Procedure H- 1 , (2E)-2-fluoro-3-(4,4- 
dimethyl-6-n-propoxy-l-rert-butyl-3,4-dihydronaphthalen-7-yl)-2-butenol 
(Compound A-57, 0.027 g, 0.075 mmol), tetrapropylammonium 
perruthenate (12 mg, 0.038 mmol) and 4-methylmorpholine N-oxide (22 
mg, 0.19 mmol) were reacted in acetonitrile (0.2 mL) and dichloromethane 
(1 mL) to produce the title compound as an oil. 

'H NMR (300 MHz, CDC1 3 ) 8 1.01 (t, 3 H, J = 6.5 Hz), 1.23 (s, 6 H), 1.30 
(s, 9 H), 1.77 (m, 2 H, J = 6.5 Hz), 2.14 (d, 2 H, J = 3.5 Hz), 2.25 (d, 3 H, J 
= 3 Hz), 3.96 (t, 2 H, J = 6.5 Hz), 5.88 (t, 1 H, J = 3.5 Hz), 6.88 (s, 1 H), 
7.41 (s, 1 H), 9.26 (d, 1 H, J = 18 Hz). 

Ethvl (2E. 4E. 6EV7-r3-ethoxv-5.5-dimethvl-5.6- dihvdro-naphthalen-2-yl)- 
6-fluoro-3-methvl-octa-2E.4E.6Z-trienoate (Compound A-67) General 
Procedure 1-1 

A solution of n-butyllithium (1.6 M in hexane, 0.85 mL, 1.36 mmol) 
was added over 10 min down the side of the flask to a -78°C solution of 
ethyl 4-(diethylphosphoryl)-3-methylbut-2E-enoate (27 mg, 0.10 mmol), 
l,3-dimethyl-3,4,5,6-tetrahydro-2(7//)-pyrimidinone (DMPU, 0.5 mL) and 
THF (1 mL). After 10 min, a solution of (2E)-3-(3-ethoxy-5,5-dimethyl-5,6- 
dihydro-naphthalen-2-yl)-2-fluoro-but-2-enal (Compound A-58, 6.0 mg, 
0.02 mmol) and THF (1 mL) was added, and the resulting solution was 
warmed to 0 °C and stirred until the reaction was completed (< 2 h). The 
mixture was diluted with water, and the product was extracted with ethyl 
ether. The combined ether extracts were washed with brine, dried over 
MgS0 4 , and filtered. The solvent was removed under reduce pressure, and 
the residue was purified by flash column chromatography (silica gel, 2% 
ethyl acetate in hexanes) and HPLC (normal phase, 1% ethyl acetate in 
hexanes) to produce the title compound. 
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*H NMR (300 MHz, CDC1 3 ) 5 1.27 (t, J = 7.0 Hz, 3H), 1.27 (s, 6H), 1.36 (t, 
J = 7.0 Hz, 3H), 2.08 (d, J = 3.8 Hz, 3H), 2.13 (s, 3H), 2.23 (d, J - 2.6 Hz, 
2H), 4.05 (q, J = 7.0 Hz, 2H), 4.15 (q, J =7.0 Hz, 2H), 5.83 (dt, J = 4.1, 9.4 
Hz, 1H), 5.83 (s, 1H), 6.34 (dd, J = 15.6, 25.5 Hz, 1H), 6.35 (d, J = 9.7 Hz, 
1H), 6.49 (d, J = 14.9 Hz, 1H), 6.86 (s, 1H), 6.76 (s, 1H). 
Ethyl (2E. 4R 6E)-7-(3-ethoxv-5,5-dimethvl-5,6-dihvdro-naphthalen>2-vl)- 
6-fluoro-3-methyl-nona-2E,4E,6Z-trienoate (Compound A-68) 

Following General Procedure I- 1, ethyl 4-(diethoxyphosphoryl)-3- 
methyl-but-2E-enoate (92 mg, 0.35 mmol) and (2E)-3-(3-ethoxy-5,5- 
dimethyl-5,6-dihydro-naphthalen-2-yl)-2-fluoro-pent-2-enal (Compound 
A-59, 21 mg, 0.07 mmol) were reacted to give the title compound as a 
colorless oil after purification by column chromatography (silica gel, 2% 
ethyl acetate in hexane) and HPLC (normal phase, 1 % ethyl acetate in 
hexanes). 

*H NMR (300 MHz, CDC1 3 ): 5 0.96 (t, J = 7.6 Hz, 3H), 1.27 (t, J = 7.0 Hz, 
3H), 1.27 (s, 6H), 1.35 (t, J = 7.0 Hz, 3H), 2.1 1 (s, 3H), 2.23 (d, J = 3.5 Hz, 
2H), 2.54 (br s, 2H), 4.05 (q, J = 7.0 Hz, 2H), 4.15 (q, J = 7.0 Hz, 2H), 5.82 
(s, 1H), 5.85-5.79 (m, 1H), 6.26 (dd, J = 16, 26 Hz, 1H), 6.35 (d, J = 9.7 Hz, 
1H), 6.49 (d, J = 16 Hz, 1H), 6.73 (s, 1H), 6.85 (s, 1H). 
Ethvl (2R 4E;6EV7-r3-ethoxv-8-ethvl-5.5-dimethvl-5.6-dihvdro- 
naphthalen-2-vl)-6-fluoro-3-methvl-nona-2,4,6-trienoate (Compound A-69) 

A mixture of (2E)-3-(3-ethoxy-8-ethyl-5,5-dimethyl-5,6-dihydro- 
naphthalen-2-yl)-2-fluoro-pent-2-en-l-ol (Compound A-51, 38 mg, 0.11 
mmol), 4-methylmorpholine N-oxide (40 mg, 0.33 mmol), and 
tetrapropylammonium perruthenate (catalytic amount) in dichloromethane 
(2 mL) was 1 stirred at room temperature for 20 min. The mixture was loaded 
onto a pad of silica gel and eluted with 10% ethyl acetate-hexane to give the 
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intermediate aldehyde (Compound A-60) as a pale yellow syrup. Next, to a 
solution of 3-(diethoxy-phosphoryl)-but-2-enoic acid ethyl ester (81 mL, 
0.33 mmol) in DMPU (1 mL) and THF (2 mL) at -78 °C was added n- 
butyllithium (1.6 M in hexane, 0.21 mL, 0.33 mmol) dropwise. After 10 
min, a solution of the above intermediate aldehyde (Compound A-60, 37 
mg, 0.1 1 mmol) in THF (1 mL) was added. The reaction was gradually 
warmed to -5 °C over 2 h and by which time it was complete by TLC 
analysis. The reaction was quenched with saturated aqueous NH 4 C1 and 
extracted with ethyl acetate. The organic layer was washed with brine, dried 
over Na 2 S0 4 ^and concentrated in vacuo. The residue was purified by flash 
column chromatography (silica gel, 3% ethyl acetate in hexanes) followed 
by preparative TLC (silica gel, 5% ethyl acetate in hexanes) to give the title 
compound as a yellow syrup. 

*H NMR (300 MHz, CDC1 3 ): 5 0.96 (t, J = 7.7 Hz, 3H), 1.1 1 (t, J = 7.2 Hz, 
3H), 1.26 (s, 6H), 1.27 (t, J = 6.9 Hz, 3H), 1.36 (t, J = 6.9 Hz, 3H), 2.10 (s, 
3H), 2.19 (m, 2H), 2.40 (br q, J = 7.0 Hz, 2H), 2.55 (m, 2H), 4.05 (q, J = 7.0 
Hz, 2H), 4.15 (q, J = 7.1 Hz, 2H), 5.65 (br t, J = 4.4 Hz, 1H), 5.83 (s, 1H), 
6.32 (dd, J = 25.8, 15.6 Hz, 1H), 6.50 (d, J= 15.6 Hz, 1H), 6.87 (s, 1H), 
6.94 (s,lH). 

Ethyl f2E, 4E. eEVe-Fluoro^-^^-dimethvl-e-ethoxv-l-isopropyl-S^- 
dihvdronaphthalen-7"vD-3-methvl-2,4.6-octatrienoate (Compound A-70) 

As described in General Procedure 1-1, (2E)-2-fluoro-3-(4,4- 
dimethyl-6-ethoxy- 1 -isopropyl-3,4-dihydronaphthalen-7-yl)-2-butenal 
(Compound A-61, 0.169 g, 0.51 mmol) in THF (2 mL) reacted with the 
ylide of ethyl 4-(diethylphosphoryl)-3-methylbut-2Z-enoate (0.36 g, 1.36 
mmol), in THF (3 mL) and DMPU (0.065 mL) to produce the title 
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compound after purification by flash column chromatography (silica gel, 
97:3 hexane/ethyl acetate) 

'H NMR (300 MHz, CDC1 3 ) 5 1.12 (d, 6 H, J = 6.5 Hz), 1.23 (s, 6 H), 1.27 
(t, 3 H, J = 6.5 Hz), 1.37 (t, 3H, J = 6.0 Hz), 2.10 (d, 3 H, J = 1 Hz), 2.17 (d, 
2 H, J = 2 Hz), 2.85 (m, 1 H, J = 6.0 Hz), 4.06 (q, 2 H, J = 6.0 Hz), 4.14 (q, 
2 H, J = 6.5 Hz), 5.66 (t, 1 H, J = 2 Hz), 5.83 (s, 1 H), 6.41 (dd, 1 H, J = 16, 
26 Hz) 6.51 (d, 1 H, J = 16 Hz), 6.87 (s, 1 H), 7.02 (s, 1 H). 
Ethyl (2E,4E,6E)-6-Fluoro-3-(4,4-dimeth yl-6-K-propoxy- 1 -isopropyl-3 ,4- 
dihydronaphthalen-7-yl)-3-methyl-2,4.6-octatrienoate (Compound A-71) 

As described in General Procedure 1-1, (E)-2-fluoro-3-(4,4-dimethyl- 
6-«-propoxy- 1 -isopropyl-3,4-dihydronaphthalen-7-yl)-2-butenal 
(Compound A-62, 0.018 g, 0.052 mmol) reacted with the ylide of ethyl 4- 
(diethylphosphoryl)-3-methylbut-2Z-enoate (0.053 g, 0.202 mmol) in THF 
(1 mL) and DMPU (0.01 mL) to produce the title compound after 
purification by flash column chromatography silica gel, 97:3 hexane/ethyl 
acetate). 

'H NMR (300 MHz, CDC1 3 ) 8 1.01 (t, 3 H, J = 6.3 Hz), 1.12 (d, 6 H, J = 6.5 
Hz), 1.24 (s, 6 H), 1 .27 (t, 3 H, J =7.0 Hz), 1.77 (m, 2 H, J = 6.3 Hz), 2. 10 
(d, 3 H, J = 2 Hz), 2.18 (d, 2 H, J = 2 Hz), 2.85 (m, 1 H, J = 6.5 Hz), 3.95 (t, 
3 H, J = 6.3 Hz), 4.15 (q, 2 H, J = 7.0 Hz), 5.66 (t, 1 H, J = 2 Hz), 5.83 (s, 1 
H), 6.38 (dd, 1H, J= 16, 26 Hz), 6.53 (d, 1 H, J = 16 Hz), 6.87 (s, 1 H), 7.02 
(s, 1 H). 

Ethyl (2E,4E,6E)-6-Fluoro-3-('4.4-dimethvl-6-(cvclopropyl)methoxy- 1 -iso- 
propvl-3.4-dihvdronaphthalen-7-vl)-3-methvl-2,4 < 6-octatrienoate 
(Compound A-72) 

As described in General Procedure 1-1, (E)-2-fluoro-3-(4,4-dimethyl- 
6-(cyclopropyl)methoxy- 1 -isopropyl-3 ,4-dihydronaphthalen-7-yl)-2-butenal 
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(Compound A-63, (0.018 g, 0.051 mmol) reacted with the ylide of ethyl 4- 
(diethylphosphoryl)-3-methylbut-2Z-enoate (0.053 g, 0.202 mmol) in THF 
(1 mL) and DMPU (0.01 mL) to produce the title compound after 
purification by flash column chromatography (silica gel, 97:3 hexane/ethyl 
acetate). 

J H NMR (300 MHz, CDC1 3 ): 8 0.3 1 (q, 2 H, J = 4.5 Hz), 0.59 (q, 2 H, J = 
4.5 Hz), 1.12 (d, 6 H, J = 6.5 Hz), 1.23 (s, 6 H), 1.27 (t, 3 H, J =7.0 Hz), 
2. 12 (d, 3 H, J = 1 Hz), 2,17 (d, 2 H, J = 3 Hz), 2.85 (m, 1 H, J = 6.5 Hz), 
3.85 (br t, 2 H), 4. 15 (q, 2 H, J = 7.0 Hz), 5.66 (t, 1 H, J = 3 Hz), 5.83 (s, 1 
H), 6.40 (dd, 1H, J = 16, 26 Hz), 6.55 (d, 1 H, J = 16 Hz), 6.86 (s, 1 H), 7.03 
(s, 1H). 

Ethvl r2E.4E.6E)-6-Fluoro-3-f4.4-dimethvl-6-ethoxv- 1 -fert-butvl-3 .4- 
dihvdronaphthalen-7-vl)-3-methyl-2,4.6-octatrienoate (Compound A-73) 

As described in General Procedure 1-1, (E)-2-fluoro-3-(4,4-dimethyl- 
6-ethoxy- 1 -tert-butyl-3 ,4-dihydronaphthalen-7-yl)-2-butenal (Compound 
A-64, 0.01 1 g, 0.032 mmol) reacted with the ylide of ethyl 4- 
(diethylphosphoryl)-3-methylbut-2Z-enoate (0.053 g, 0.202 mmol) in THF 
(1 mL) and DMPU (0.01 mL) to produce the title compound after 
purification by flash column chromatography (silica gel, 97:3 hexane/ethyl 
acetate). 

'H NMR (300 MHz, CDC1 3 ) 8 1.23 (s, 6 H), 1.28 (t, 3 H, J = 6.0 Hz), 1.29 
(s, 9 H), 1.38 (t, 3 H, J = 7.0 Hz), 2.10 (d, 3 H, J = 1 Hz), 2.14 (d, 2 H, J = 3 
Hz), 4.07 (q, 2 H, J = 6.0 Hz), 4.15 (q, 2 H, J = 7.0 Hz), 5.83 (s, 1 H), 5.84 
(t, 1 H, J = 3 Hz), 6.40 (dd, 1 H, J = 16, 26 Hz), 6.53 (d, 1 H, J = 16 Hz), 
6.87 (s, 1 H), 7.34 (s, 1 H). 
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Ethvl (2E.4E.6E)-7-r8-fert-butvl-3-ethoxv-5.5-dimethvl-5.6- 
dihvdronaphthalen-2-vlV6-fluoro-3-methvl-nona-2,4,6-tTienoate 
(Compound A-74) 

As described in General Procedure 1-1, (E)-3-(8-tert-butyl-3-ethoxy- 
5,5-dimethyl-5,6-dihydronaphthalen-2-yl)-2-fluoro-pent-2-enal (Compound 
A-65, 435 mg, 1.21 mmol) reacted with the ylide of ethyl 4- 
(diethylphosphoryl)-3-methylbut-2Z-enoate (1.07 g, 4.05 mmol) in THF (10 
mL) and DMPU (5 mL) to produce the title compound as an oil after 
purification by flash chromatography (silica gel, 1% to 2% ethyl acetate in 
hexane). 

'H NMR (300 MHz, CDC1 3 ): 5 0.98 (t, J=7.4Hz, 3H), 1.23 (s, 6H), 1.27 (t, 
J=7.0Hz, 3H), 1.29 (s, 9H), 1.37 (t, J=7.0Hz, 3H), 2.08 (s, 3H), 2.14 (d, 
J=4.7Hz, 2H), 2.51 (m, 1H), 2.66 (m, 1H), 4.06 (m, 2H), 4.14 (q, J=7.0Hz, 
2H), 5.81-5.84 (m, 2H), 6.34 (dd, J=15.5 and 25.5 Hz, 1H), 6.52 (d, J= 15.5 
Hz, 1H), 6.86 (s, 1H), 7.31 (s, 1H). 

Ethvl (2E.4E.6E)-6-Fluoro-3-(4.4-dimethvl-6-«-propoxv- 1 -fert-butyl-3 ,4- 
dihydronaphthalen-7- vl)-3 -methyl -2 ,4, 6-octatri enoate (Compound A-75) 

As described in General Procedure 1-1, (E)-2-fluoro-3-(4,4-dimethyl- 
6-n-propoxy- 1 -tert-butyl-3 ,4-dihydronaphthalen-7-yl)-2-butenal 
(Compound A-66, 0.024 g, 0.067 mmol) reacted with the ylide of ethyl 4- 
(diethylphosphoryl)-3-methylbut-2Z-enoate (0.053 g, 0.202 mmol) in THF 
(1 mL) and DMPU (0.01 mL) to produce the title compound after 
purification by flash column chromatography (silica gel, 97:3 hexane/ethyl 
acetate). 

J H NMR (300 MHz, CDC1 3 ): 5 1 .02 (t, 3 H, J = 6.3 Hz), 1 .23 (s, 6 H), 1 .27 
(t, 3 H, J = 6.0 Hz), 1.29 (s, 9 H), 1.79 (m, 1 H, 6.3 Hz), 2.10 (d, 3 H, J = 2 
Hz), 2.14 (d, 2 H, J = 3 Hz), 3.95 (br t, 2 H), 4.15 (q, 2 H, J = 6.0 Hz), 5.83 



600 64 PA 



17626 



157 



(s, 1 H), 5.84 (t, 1 H, J = 3 Hz), 6.40 (dd, 1 H, J =16, 26 Hz), 6.52 (d, 1 H, J 
= 16 Hz), 6.87 (s, 1 H), 7.34 (s, 1 H). 

(2E,4E > 6E)-7-(3-Ethoxv-5.5-dimethy l-5.6-dihvdro-naphthaleTi-2-v1Vfi- 
fluoro-3-methvl-octa-2.4.6 -trienoic acid (Compound A-76) General 
Procedure J-l 

To a solution of ethyl (2E,4E,6E)-7-(3-ethoxy-5,5-dimethyl-5,6- 
dihydfo-naphthalen-2-yl)-6-fluoro-3-methyl-octa-2,4,6-trienoate 
(Compound A-67, 4.0 mg, 0.01 mmol) in ethanol (0.2 mL) and THF (1 
mL) was added 1M NaOH (0.05 mL, 0.05 mmol). The mixture was heated 
to 60 °C for 5 h and was cooled to room temperature, acidified with 1M 
HC1, extracted with ethyl acetate. The organic layer was washed with brine, 
dried over Na 2 S0 4 , and concentrated in vacuo. The residue was purified by 
flash column chromatography (silica gel, 10% ethyl acetate in hexanes) to 
give the title compound as a white solid. 

l H NMR (300 MHz, CDC1 3 ): 6 1.26 (s, 3H), 1.28 (s, 3H), 1.36 (t, J = 7.0 
Hz, 3H), 2.09 (d, J = 3.2 Hz, 3H), 2.13 (s, 3H), 2.23 (d, J = 2.4 Hz, 2H), 
4.05 (q, J = 7.0 Hz, 2H), 5.86 (s, 1H), 5.88-5.81 (m, 1H), 6.49-6.31 (m, 2H), 
6.52 (d, J = 15.0 Hz, 1H), 6.76 (s, 1H), 6.86 (s, 1H). 

(2E,4E,6E) -7-(3-Ethoxv-5.5-dimethvl-5.6-dihvdro-naphthalen-2-vlV6- 
fluoro-3-memvl-nona-2 A6-trienoicacid (Compound A-77) 

Following General Procedure J-l, ethyl (2E,4E,6E)-7-(3-ethoxy-5,5- 

dimethyl-5,6-dihydro-naphthalen-2-yl)-6-fluoro-3-methyl-nona-2,4,6- 
trienoate (Compound A-68, 23 mg, 0.056 mmol) was hydrolyzed with 1M 
NaOH to yield the title compound as a yellow solid after purification by 
column chromatography (silica gel, 10% ethyl acetate in hexanes) followed 
by recrystallization from acetonitrile. 
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*H NMR (300 MHz, CDC1 3 ): 8 0.96 (t, J = 7.5 Hz, 3H), 1.27 (s, 6H), 1.35 (t, 
J = 6.9 Hz, 3H), 2. 1 1 (s, 3H), 2.23 (d, J = 2.9 Hz, 2H), 2.55 (br s, 2H), 4.04 
(q, J = 6.9 Hz, 2H), 5.84 (s, 1H), 5.86-5.80 (m, 1H), 6.30 (dd, J = 16, 26 Hz, 
1H), 6.36 (d, J = 9.7 Hz, 1H), 6.51 (d, J = 16 Hz, 1H), 6.72 (s, 1H), 6.85 (s, 
1H). 

(2E.4E.6EV7-(3-Ethoxv-8-ethvl-5.5-dimethvl-5.6-dihvdro-naphthalen-2- 
yl)-6-fluoro-3-methvl-nona-2A6-trienoic acid (Compound A-78) 

Following General Procedure J-l, ethyl (2E,4E,6E)-7-(3-ethoxy-8- 
ethyl-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-6-fluoro-3-methyl-nona- 
2,4,6-trienoate (Compound A-69, 34 mg, 0.077 mmol) in ethanol (2 mL) 
was hydro lyzed with 1M NaOH to yield the title compound as a yellow 
solid after purification by flash column chromatography (silica gel, 3% to 
50% ethyl acetate in hexane). 

*H NMR (300 MHz, CDC1 3 ): 5 0.96 (t, J = 7.7 Hz, 3H), 1.10 (t, J = 7.5 Hz, 
3H), 1.25 (s, 6H), 1.36 (t, J = 6.9 Hz, 3H), 2.10 (s, 3H), 2.19 (m, 2H), 2.40 
(br q, J = 7.2 Hz, 2H), 2.56 (m, 2H), 4.05 (q, J = 6.9 Hz, 2H), 5.65 (br t, J = 
4.5 Hz, 1H), 5.84 (s, 1H), 6.36 (dd, J = 25.5, 15.6 Hz, 1H), 6.53 (d, J = 15.6 
Hz, 1H), 6.87 (s, 1H), 6.93 (s, 1H). 

(2E. 4E. 6El-6-Fluoro-3-(4,4-dimethvl-6-ethoxv-l-isopropyl-3,4- 
dihydronaphthalen-7-yl)-3-methvl-'2,4,6--octatrienoic acid (Compound A- 
79) 

As described in General Procedure J-l, ethyl (2E, 4E, 6E)-6-fluoro-3- 
(4,4-dimethyl-6-ethoxy- 1 -isopropyl-3 5 4-dihydronaphthalen-7-yl)-3-methyl- 
2,4,6-octatrienoate (Compound A-7Q, 0.165 g, 0.375 mmol) in ethanol (2 
mL) was treated with a solution of 2 N KOH (1 mL, 2 mmol) to produce the 
title compound after purification by recrystallization from acetonitrile. 
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! H NMR (300 MHz, CDC1 3 ) 5 1.12 (d, 6 H, J = 6.5 Hz), 1.24 (s, 6 H), 1.37 
(t, 3 H, J = 6.5 Hz), 2.1 1 (s, 3 H), 2.18 (d, 2 H, J = 1 Hz), 2.85 (m, 1 H, J = 
6.5 Hz), 4.07 (q, 2 H, J = 6.5 Hz), 5.67 (s, 1 H), 5.85 (s, 1 H), 6.43 (dd, 1 H, 
J = 16, 26 Hz) 6.53 (d, 1 H, J = 16 Hz), 6.88 (s, 1 H), 7.02 (s, 1 H). 
C2E < 4E.6E)-6-Fluoro-3-('4.4-dimethvl-6-/z-propoxv- 1 -isoprop yl-3 A- 
dihydronaphthalen-7-vl')-3-methvl-2.4.6-octatrienoic acid (Compound A- 
80) 

As described in General Procedure J-l, ethyl (2E, 4E, 6E)-2-fluoro-3- 
(4,4-dimethyl-6-«-propoxy-l-isopropyl-3,4-dihydronaphthalen-7-yl)-2- 
butenoate (Compound A-71, 0.013 g, 0.029 mmol) reacted with 2N KOH 
(0.5 mL) in ethanol (1 mL) to produce the title compound. 
'H NMR (300 MHz, CDC1 3 ): 5 1.01 (t, 3 H, J = 6.3 Hz), 1.12 (d, 6 H, J = 
6.5 Hz), 1.24 (s, 6 H), 1.77 (m, 2 H, J = 6.3 Hz), 2.11 (s, 3 H), 2.18 (d, 2 H, 
J = 1 Hz), 2.85 (m, 1 H, J = 6.5 Hz), 3.95 (t, 3 H, J = 6.3 Hz), 5.66 (t, 1 H, J 
= 1 Hz), 5.85 (s, 1 H), 6.42 (dd, 1 H, J = 16, 26 Hz), 6.53 (d, 1 H, J = 16 
Hz), 6.87 (s, 1 H), 7.02 (s, 1 H). 

(2E,4E,6E)-6-Fluoro-3-(4,4-dimethvl-6-( , cyclopropyl)methoxv-l-isopropvl- 
3,4-dihydronaphthalen-7-vl)-3-methyl-2.4.6-octatrienoic acid (Compound 
A-81) 

As described in General Procedure J-l, ethyl (2E, 4E, 6E)-2-fluoro-3- 
(4,4-dimethyl-6-(cyclopropyl)methoxy- 1 -isopropyl-3 ,4-dihydronaphthalen- 
7-yl)-2-butenoate (Compound A-72, 012 g, 0.026 mmol) reacted with 2N 
KOH (0.5 mL) in ethanol (1 mL) to produce the title compound. 
! H NMR (300 MHz, CDC1 3 ): 8 0.3 1 (q, 2 H, J = 4.5 Hz), 0.59 (q, 2 H, J = 
4.5 Hz), 1.12 (d, 6 H, J = 6.5 Hz), 1.24 (s, 6 H), 1.25 (t, 3 H, J =7.0 Hz), 
2.13 (d, 3 H, J = 1 Hz), 2.17 (d, 2 H, J = 2 Hz), 2.85 (m, 1 H, J = 6.5 Hz), 
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3.85 (br t, 2 H), 5.67 (t, 1 H, J = 2 Hz), 5.85 (s, 1 H), 6.44 (dd, 1H, J = 16, 
26 Hz), 6.55 (d, 1 H, J = 16 Hz), 6.86 (s, 1 H), 7.02 (s, 1 H). 
C2E.4E.6E)-6-Fluoro-3-(4.4-dimethvl-6-ethoxv- 1 -fert-butvl-3.4- 
dihydronaphthalen-7-vl)-3-methyl-2,4,6-octatrienoic acid (Compound A- 
82) 

As described in General Procedure J-l, ethyl (2E,4E,6E)-2-fluoro-3- 
(4,4-dimethyl-6-ethoxy-l-tert-butyl-3,4-dihydronaphthalen-7-yl)-2- 
butenoate (Compound A-73, 0.007 g, 0.015 mmol) reacted with 2N KOH 
(0.5 mL) in ethanol (1 mL) to produce the title compound. 
'H NMR (300 MHz, CDC1 3 ): 5 1.23 (s, 6 H), 1.29 (s, 9 H), 1.38 (t, 3 H, J = 
7.0 Hz), 2.10 (d, 3 H, J = 1 Hz), 2.14 (d, 2 H, J = 1 Hz), 4.08 (q, 2 H, J = 7.0 
Hz), 5.84 (s, 1 H), 5.84 (t, 1 H, J = 1 Hz), 6.45 (dd, 1 H, J = 15, 26 Hz), 6.54 
(d, 1 H, J = 15 Hz), 6.87 (s, 1 H), 7.34 (s, 1 H), 

r2E.4E.6E)-7-( 8-^-Butvl- 3-ethoxv-5.5-dimethvl-5.6-dihvdronaphthalen- 
2-vl)-6-fluoro-3-methyl-nona-2A6-trienoic acid (Compound A-83) 

As described in General Procedure J-l, ethyl (2E,4E,6E)-7-(8-/er?- 
butyl-3-ethoxy-5,5-dimethyl-5,6-dihydronaphthalen-2-yl)-6-fluoro-3- 
methyl-nona-2,4,6-trienoate (Compound A-74, 520 mg, 1.11 mmol) in 
THF (5 mL) and ethanol (5 mL) was hydrolyzed with 1 .5 N NaOH (5 mL) 
to produce the title compound as a yellow solid after purification by 
recrystallization from acetonitrile. 

l H NMR (300 MHz, CDC1 3 ): 5 0.98 (t, J=7.4 Hz, 3H), 1.23 (s, 6H), 1.29 (s, 
9H), 1.37 (t, J=7.0 Hz, 3H), 2.08 (s, 3H), 2.14 (d, J=4.7 Hz, 2H), 2.50 (m, 
1H), 2.66 (m, 1H), 4.06 (m, 2H), 5.84 (m, 2H), 6.38 (dd, J=15.5 and 25.5 
Hz, 1H), 6.54 (d, J= 15.5 Hz, 1H), 6.86 (s, 1H), 7.30 (s, 1H). 
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f2E.4E.6E)-6-Fluoro-3-f 4.4-dimethvl-6-M-propoxy- 1 -fert-butvl-3.4- 

dihvdronaphthalen-7-vlV3-methvl-2A6-octatrienoic acid (Compound A- 
84) 

As described in General Procedure J-l, ethyl (2E, 4E, 6E)-2-fluoro-3- 
(4,4-dimethyl-6-/*-propoxy- 1 -fer/-butyl-3 ,4-dihydronaphthalen-7-yl)-2- 
butenoate (Compound A-75, 0.021 g, 0.052 mmol) reacted with 2N KOH 
(0.5 mL) in ethanol (1 rnL) to produce the title compound. 
'H NMR (300 MHz, CDC1 3 ): 5 1.02 (t, 3 H, J = 6.3 Hz), 1 .23 (s, 6 H), 1 .29 
(s, 9 H), 1 .79 (m, 1 H, 6.3 Hz), 2. 1 1 (d, 3 H, J = 3 Hz), 2. 14 (d, 2 H, J = 1 
Hz), 3.95 (br t, 2 H), 5.84 (s, 1 H), 5.84 (t, 1 H, J = 1 Hz), 6.46 (dd, 1 H, J = 
15, 26 Hz), 6.53 (d, 1 H, J = 15 Hz), 6.87 (s, 1 H), 7.34 (s, 1 H). 

TABLE 8 

Receptor Transactivation. Efficacy and Binding Data for Exemplary 
Compounds of Formula E 



compound 

numbei 


Structure 


RAR Trans. EC™ 
nM 

RAR Bind. K, nM 


RXR Trans. EC™ 
nM 

RXR Bind K, nM 


a 3 Y 


a 3 y 


A-76 




-NA >10K >10K 
1.6k 2.6k 9.2k 


50 368 51 
(104) (128) (109) 

35 347 ND 


A-77 




NA NA 2 
301 371 


41 >1k 41 
(69) (73) 

6 63 

ND 


A-78 




29 43 NA 
(10) (68) 

180 477 2.2k 


3 18 4 
(23) (23) (11) 

3 19 ND 
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A-79 


X 1 F 


NA 


829 
(62) 


NA 


1 

(62) 


4 
(60) 


2 
(59) 




COjH 




I .OK I 


O.OK 




i Q 
1 O 


OQ 
OO 






NA 


80 


NA 


NA 


NA 


NA 


A-80 




841 


(13) 




i n 
1U 


ob 


ND 


A-81 




NA 


203 
(23) 


NA 


NA 


NA 


NA 






592 


927 


5.6k 


12 


33 


ND 


A-82 


>-<r 


NA 


170 
(9) 


NA 


1 

(43) 


4 

(41) 


2 
(31) 






387 


400 


1 4k 


o 


14 


Kin 

{ML-/ 


A-83 


COjH 


NA 


31 
(12) 

ZD 1 


NA 
byo 


2 
(13) 

o 
z 


7 
(17) 

12 


2 

(7) 
ND 


A-84 




NA 


56 
(8) 


NA 


NA 


NA 


NA 




1.1k 


620 


274 


13 


101 


ND 






NA 


316 
(26) 


NA 


3 
(62) 


12 
(59) 


3 
(70) 






261 


359 


1.2k 


2 


15 


ND 



SECTION F OF SPECIFIC EMBODIMENTS 
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C0 2 R 4 

Formula F 

Formula F discloses a specific class of preferred and exemplary 
compounds of the invention. In Formula F: 

R represents alkyl of 1 to 8 carbons, more preferably alkyl of 1 to 4 

carbons, still more preferably zso-propyl or tert-butyl; 

R 1 represents alkyl of 1 to 8 carbons, more preferably alkyl of 1 to 4 

carbons; 

R 2 represents alkyl of 1 to 8 carbons, more preferably alkyl of 1 to 4 
carbons; 

X represents halogen, more preferably Br or CI, and 

R4 represents H, alkyl of 1 to 6 carbons, CH 2 OR 5 or CH 2 OCOR 5 where R 5 is 
alkyl of 1 to 3 carbons, or a pharmaceutically acceptable salt of said 
compound. 

The synthetic schemes and the experimental procedures for obtaining 
compounds within the scope of Formula F are provided below. 
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qcx^qoj*- got ^ goC; 



NBS 
DMF 




R 2 



OH 

Br 

A-91, R 2 = Me 
A-92, R 2 - Et 




R 2 
OMe 



CrQ 3 
t-BuOOH 



Br 

A-97, R 2 = Me 
A-98, R 2 = Et 



A-85 



Mel 



A-«6, R 2 = 
A-87, R 2 * 



Me 
Et 




R 

►Me 

Br 

A-93, R 2 = Me 
A-94,R 2 =Et 



NaBH 4 



O 

R 2 
OMe 

Br 

A-99, R 2 = Me 
A-100, R 2 = Et 




1) K 2 C0 3 

2) PHP 
PPTS 



OH 

A-88, R 2 = Me 
A^89, R 2 = Et 



OH 

R 2 

OMe 
Br 

A-95, R 2 = Me 
A-96, R 2 = Et 




Ac 2 0 
■ EPP u 
DMAP 



OTHP 

R 2 
OMe 

Br 

A-101, R 2 =Me 
A-102, R 2 = Et 




1) R-MgCI, CeCI 3 
?) PPTS. MeOH t 

3 ) NMO. TPAP 

4) pTSA, Benzene 




RH 
K 2 C0 3 



A-103, R = i-Pr, R 2 = Me 
A-104. R = t-Bu, R 2 = Me 
A-105, R = s-Bu, R 2 = Et 



A-106, R = »-Pr. R 2 = Me 
A-107, R = t-Bu, R 2 = Me 
A-108, R = s-Bu,R 2 = Et 




A-109, R=i-Pr, R^Et, R 2 =Me — i LDA 

A-110, R=i-Pr, R^Et, R 2 =Et* Me! 

A-111. R=i-Pr, R^Et, R 2 =i-Pfc_J 
A-112, R=i-Pr, R^i-Pr, R 2 =Me 
A-113, R=i-Pr, R^n-Pr, R 2 =Me 
A-114, R=t-Bu, Ri=Et, R 2 =Me 
A-115, R=t-Bu, R^i-Pr, R 2 =Me 
A-116, R=s-Bu. R 1= Et, R 2 =Et 
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(EtO^Ps^CC^Et 



n-BuLi 



A-103 (R=i-Pr, R-,=Me, R 2 =Me. X=Br) 
A-109 (R=i-Pr, R^Et, R2=Me. X=Br) 
A-110 (R=i-Pr, R^Et, R 2 =Et, X=Br) 
A-111 (R=i-Pr, R^Et, R 2 =j-Pr, X=Br) 
A-112 (R=i-Pr. R^i-Pr, R 2 =Me, X=Br) 
A-113 (R=i-Pr, R^n-Pr, R 2 =Me, X=Br) 
A-114(R=t-Bu, R,=Et, R 2 =Me, X=Br) 
A-115 (R=t-Bu, R^f-Pr, R 2 =Me, X=Br) 
A-116 (R=s-Bu, R^Et, R 2 =Et, X=Br) 
A-121 (R=j-Pr, R^Et, R 2 =Me. X=CI) 
A-123 (R=i-Pr, R^Et, R 2 =Et, X=CJ) 




DIBAL 



O 

X R-j 

A-124(R=I-Pr, R 1 =Me > R 2 =Me, X=Br) 
A-125 (R=i-Pr, R 1 =Et, R 2 =Me, X=Br) 
A-126 (R=i-Pr. Ri=Et, R 2 =Et X=Br) 
A-127 (R=i-Pr, R^Et, R 2 =i-Pr. X=Br) 
A-128 (R=i-Pr, R t =i-Pr, R 2 =Me, X=Br) 
A-129 (R=i-Pr, R^n-Pr, R 2 =Me, X=Br) 
A-130 (R=t-Bu. R^Et. R 2 =Me, X=Br) 
A-131 (R=t-Bu, R^i-Pr. R 2 =Me, X=Br) 
A-132 (R=s-Bu, R,=Et, R 2 =Et X=Br) 
A-133 (R=i-Pr, R^Et, R 2 =Me. X=CI) 
A- 134 (R=i-Pr, R 1= Et, R 2 =Et, X=C!) 




OH 



A-135 (R=i-Pr, R,= 
A-136 (R=»-Pr. Ri = 
A-137 (R=i-Pr, R n = 
A-138 (R=i-Pr, R 1 = 
A-139 (R=i-Pr, R 1 = 
A-140 (R=i-Pr. R,= 
A-141(R=t-Bu, R,= 
A-142 (R=t-Bu, Rr 
A-143 (R=s-Bu, R-i 
A-144 (R=i-Pr, R-, 
A-145 (R=i-Pr, R, 



-Me, R 2 =Me, X=Br) 
=Et t R 2 =Me, X=Br) 
;Et. R 2 =Et. X=Br) 
^Et, R 2 =i-Pr, X=Br) 
=i-Pr, R 2 =Me, X=Br) 
: n -Pr, R 2 =Me, X=Br) 
Et, R 2 =Me, X=Br) 
=i-Pr, R 2 =Me. X=Br) 
=Et. R 2 =Et X=Br) 
Et, R 2 =Me, X=CI) 
Et, R 2 =Et, X=CI) 



NMO 
TPAP 




X 



A-146 (R=i-Pr, Ri=Me, R 2 =Me, X=Br) 
A-147 (R=i-Pr. R^Et, R 2 =Me, X=Br) 
A-148 (R=t-Pr, R^Et, R 2 =Et, X=Br) 
A-149 (R=i-Pr. Ri=Et. R 2 =i-Pr. X=Br) 
A-150 (R=i-Pr, R^i-Pr, R 2 =Me. X=Br) 
A-151 (R=i-Pr, R^n-Pr, R 2 =Me, X=Br) 
A-152 (R=t-Bu, Ri=Et, R 2 =Me. X=Br) 
A-153 (R=t-Bu, R^i-Pr, R 2 =Me, X=Br) 
A-154 (R=s-Bu, Ri=Et, R 2 =Et, X=Br) 
A-155 (R=i-Pr, Ri =Et, R 2 =Me, X=Ci) 
A-156 (R=i-Pr, R^Et, R 2 =Et, X=CI) 




A-157 (R=i-Pr, Ri=Me, R 2 =Me, X=Br) 
A-158 (R=i-Pr, Ri=Et, R 2 =Me, X=Br) 
A-159 (R=i-Pr. R-| =Et, R 2 =Et, X=Br) 
A-160 (R=i-Pr, R^Et, R 2 =i-Pr, X=Br) 
A-161 (R=i-Pr. R,=i-Pr, R 2 =Me, X=Br) 
A-162 (R=i-Pr, R^n-Pr, R 2 =Me, X=Br) 
A-163 (R=t-Bu, Ri =Et, R 2 =Me, X=Br) 
A-164 (R=t-Bu, R^i-Pr, R 2 =Me, X=Br) 
A-165 (R=s-Bu, R^=Et, R 2 =Et, X=Br) 
A-166 (R=i-Pr, R 1 =Et, R 2 =Me. X=CI) 
A-167 (R=i-Pr, R^Et, R 2 =Et, X=CI) 



NaOH 
EtOH 




A-168 (R=i-Pr, R^Me, R 2 =Me, X=Br) 
A-169 (R=i-Pr, R^Et, R 2 =Me, X=Br) 
A-170 (R=i-Pr, R^Et, R 2 =Et, X=Br) 
A-171 (R=i-Pr, R^Et, R 2 =i-Pr, X=Br) 
A-172 (R=i-Pr, R,=i-Pr t R 2 =Me, X=Br) 
A-173 (R=i-Pr, R^n-Pr, R 2 =Me, X=Br) 
A-174 (R=t-Bu, Ri=Et. R 2 =Me, X=Br) 
A-175 (R=t-Bu, R^i-Pr, R 2 =Me. X=Br) 
A-176 (R=s-Bu. Ri=Et, R 2 =Et, X=Br) 
A-177 (R=i-Pr, R^Et. R 2 =Me. X=CI) 
A-178 <R=i-Pr, R t =Et, R 2 =Et, X=CI) 



7-Methoxv- 1 , 1 -dimethyl- 1 .2.3,4-tetrahvdro-naphthalene (Compound A-85) 
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To a solution of titanium(TV) chloride (1M in dichloromethane, 205 
mL, 205 mmol) at -40 °C under argon was added a solution of dimethylzinc 
(2 M in toluene, 1 13.6 mL, 227,2 mmol). The mixture was stirred at -40 °C 
for 20 min then 7-methoxytetralone (available from Aldrich, 20 g, 1 13.6 
mmol) in dichloromethane (50 mL) was added. After slowly warming to 
room temperature over 5 h, the mixture was cooled to 0 °C and quenched 
with methanol and saturated ammonium chloride solution, then extracted 
with diethyl ether. The combined organic layers were washed with water, 
brine, dried (Na 2 S0 4 ) ? filtered and concentrated in vacuo. The crude residue 
was purified by flash chromatography (silica gel, 5% ethyl acetate in 
hexane) to afford the title compound as a colorless oil. 
! H NMR (300 MHz, CDC1 3 ) 5 6.97(d, J=8.5Hz, 1H), 6.87(d, J=2.6Hz, 1H), 
6.66(dd, J=8.5, 2.6Hz, 1H) 3.78(s, 3H), 2.70(m, 2H), 1.82-1. 74(m, 2H), 
1.65-1.63(m, 2H), 1.28(s, 6H) 

l-(3-Methoxv-5,5-dimethvl-5,6>7.8-tetrahvdro--naphthalen-2-vn--ethanone 
(Compound A-86) 

To a suspension of aluminum chloride (12 g, 90 mmol) in 
dichloromethane (300 mL) at 0 °C was added acetyl chloride (6.8 mL, 90 
mmol). After stirring at 0 °C for 20 min the mixture turned into clear 
solution. The mixture was then cooled to -78 °C and 7-methoxy-l,l- 
dimethyl- 1,2,3,4-tetrahydro-naphthalene (Compound A-85, 13.2 g, 69 
mmol) in dichloromethane (20 mL) was added. After stirring at 78 °C for 2 
h the mixture was poured onto ice and extracted with diethyl ether. The 
combined organic layers were washed with water, brine, dried (Na 2 S0 4 ), 
filtered and concentrated in vacuo. The crude residue was purified by flash 
chromatography (silica gel, 10% ethyl acetate in hexane) to give the title 
compound as a white solid. 
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>H NMR (300 MHz, CDC1 3 ): 5 7.45 (s, 1H), 6.88 (s, 1H), 3.89 (s, 3H), 2.71 
(m, 2H), 2.59 (s, 3H), 1.80-1.74 (m, 2H), 1.67-1.63 (m, 2H), 1.30 (s, 6H) 
HS-Hydroxy^S-dimethvM.frXS-te^^ 
(Compound A-88) 

Tol-(3-methoxy-5,5-dimethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)- 
ethanone (Compound A-86, 14.2 g, 61.2 mmol) in dichloromethane (350 
mL) at -78 °C was added boron tribromide (1 M in hexane, 80 mL, 80 
mmol). After stirring from -78 °C to room temperature over 3h the reaction 
mixture was quenched with sodium bicarbonate at -10°C and extracted with 
diethyl ether. Combined ethereal layers were washed with water, brine, 
dried (Na 2 S0 4 ), filtered and concentrated in vacuo. Recrystallization from 
diethyl ether afforded the title compound as a brown solid. 
l H NMR (300 MHz, CDC1 3 ): 5 1 1.90 (s, 1H), 7.40 (s, 1H), 6.93 (s, 1H), 
2.72 (m, 2H), 2.59 (s, 3H), 1.82-1.76 (m, 2H), 1.67-1.63 (m, 2H), L28 (s, 
6H) 

l-(4-Bromo-3-hydroxv-5.5-dimethv1-5 6 l 78-tetrabvdro-i iar T 1 thaleT 1 -2-vl)- 
ethanone (Compound A-91) 

To a solution of l-(3-hydroxy-5,5-dimethyl-5,6,7,8-tetrahydro- 
naphthalen-2-yl)-ethanone (Compound A-88, 13.3 g, 61 mmol) in N, N- 
dimethylformamide (120 mL) was added ^-bromosuccinimide (10.9 mg, 61 
mmol). The mixture was stirred at room temperature fori 6 h. The mixture 
was then diluted with water and extracted with diethyl ether. The combined 
ethereal layers were washed with water, brine, dried (Na 2 S0 4 ), filtered and 
concentrated in vacuo. Recrystallization from diethyl ether and flash column 
chromatography (silica gel, 5% ethyl acetate in hexane) afforded the title 
compound as a yellow solid. 
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'H NMR (300 MHz, CDC1 3 ): 8 12.87 (s, 1H), 7.44 (s, 1H), 2.80 (m, 2H), 
2.62 (s, 3H), 1.73 (m, 4H), 1.60 (s, 6H) 

l-(4-Bromo-3-methox v-5.5-dimethvl-5.6.7.8-tetrahvdro-naphthalen-2-vn- 
ethanone (Compound A-93) 

To a solution of 1 -(4-bromo-3-hydroxy-5,5-dimethyl-5,6,7,8- 
tetrahydro-naphthalen-2-yl)-ethanone (Compound A-91, 1 1.8 g, 39.7 
mmol), potassium carbonate (14.4 g, 1 19.1 mmol) in acetone (350 mL) was 
added methyl iodide (19.8 mL, 317.6 mmol). After heating to reflux for 16 
h, the mixture was cooled to room temperature, diluted with water and 
extracted with diethyl ether. The combined ethereal layers were washed 
with water, brine, dried (Na 2 S0 4 ), filtered and concentrated in vacuo to give 
the title compound as a yellow oil. The material was used in the next step 
without further purification. 

, HNMR(300MHz,CDCl 3 ):8 7.30(s, 1H), 3.80 (s, 3H),2.81 (m, 2H), 2.63 
(s, 3H), 1 .72 (m, 4H), 1 .58 (s, 6H) 

1 -(4-Bromo-3-metho xv-5. 5-dimethvl-5. 6.7.8-tetrahvdro-naphthalen-2-vl>- 

ethanol (Compound A-95) 

To a solution of 1 -(4-bromo-3-methoxy-5, 5-dimethyl-5, 6,7,8- 
tetrahydro-naphthalen-2-yl)-ethanone (Compound A-93, 12.1 g, 39 mmol) 
in ethanol (250 mL) was added sodium borohydride (741 mg, 19.5 mmol). 
After heating to reflux for 2 h the mixture was cooled to room temperature, 
quenched with 10% HC1 and extracted with diethyl ether. The combined 
ethereal layers were washed with water, brine, dried (Na 2 S0 4 ), filtered and 
concentrated in vacuo to give the title compound as a colorless syrup. The 
material was used in the next step without further purification. 
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Acetic acid l-C4-br omo-3-methoxv-5. 5-dimethvl-5. 6.7.8-tetrahvdro- 
naphthalen-2-vl)-ethvl ester (Compound A-97) 

To a solution of l-(4-bromo-3-methoxy-5,5-dimethyl-5,6,7,8- 
tetrahydro-naphthalen-2-yl)-ethanol (Compound A-95, 12.3 g, 39 mmol), 
l-(3-dimethylarninopropyl)-3-ethylcarbodiimide hydrochloride (EDCI, 1 1.2 
g, 58.5 mmol) and 4-dimethylaminopyridine (DMAP, 9.5 g, 78 mmol) in 
dichloromethane (350 mL) at room temperature was added acetic anhydride 
(3.7 mL, 39 mmol). After stirring at room temperature for 16 h, the mixture 
was quenched with water and extracted with diethyl ether. The combined 
ethereal layers were washed with water, brine, dried (Na 2 S0 4 ), filtered and 
concentrated in vacuo. The crude residue was purified by flash 
chromatography (silica gel, 5% ethyl acetate in hexane) to give the title 
compound as a colorless oil. 

l H NMR (300 MHz, CDC1 3 ): 5 7.03 (s, 1H), 6.12 (q, J=6.5Hz), 3.86 (s, 3H), 
2.79 (m, 2H), 2.08 (s, 3H), 1.69 (m, 4H), 1.56 (s, 6H), 1.49 (d, J=6.5Hz, 3H) 
Acetic acid 1 -( , 4-bromo-3-methoxv-5.5-dimetfavl-8-oxo-5.6.7.8-tetrahvdro- 
naphthalen-2-vl)-ethvl ester (Compound A-99) 

To a suspension of chromium (VI) oxide (160 mg, 1.6 mmol) in 
dichloromethane (40 mL) at 0 °C was added tert-butyl hydroperoxide (13 
mL, 96 mmol). After stirring at room temperature for 5 min, a solution of 
acetic acid l-(4-bromo-3-methoxy-5,5-dimethyl-5,6,7,8-tetrahydro- 
naphthalen-2-yl)-ethyl ester (Compound A-97, 1 1 .4 g, 32 mmol) in 
dichloromethane (10 mL) was added. The mixture was stirred at room 
temperature for 6 days and then quenched with 10% sodium bisulfite.). 
Organic phase was washed with 10% sodium bisulfite and brine, dried 
(Na 2 S0 4 ), filtered and concentrated in vacuo. Recrystallization from ethyl 
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acetate and flash column chromatography of the mother liquid (silica gel, 
10% ethyl acetate in hexane) afforded the title compound as a yellow solid. 
l H NMR (300 MHz, CDC1 3 ): 5 8. 13 (s, 1H), 6.1 1 (q, J=6.5Hz), 3.95 (s, 3H), 
2.67-2.63 (m, 2H), 2.10 (s, 3H), 2.05-2.00 (m, 2H), 1.68 (s, 3H), 1.66 (s, 
3H), 1.50 (d, J=6.5Hz, 3H). 

5-Bromo-6-methoxv-4,4-dimethvl-7-ri-(tetrahvdro-pyran-2--yloxv)-ethvl]-- 

3 ,4-dihvdro-2fiT-naphthalen- 1 -one (Compound A-101) 

A solution of acetic acid l-(4-bromo-3-methoxy-5,5-dimethyl-8-oxo- 

5,6,7, 8-tetrahydro-naphthalen-2-yl)-ethyl ester (Compound A-99, 5.88 g, 

15.93 mmol), potassium carbonate (4.4 g, 31.86 mmol) in methanol (60 mL) 
at room temperature was stirred for 1 h. The mixture was diluted with water 
and extracted with diethyl ether. The ether layer was washed with water, 
brine, dried (Na 2 S0 4 ), filtered and concentrated in vacuo to give crude 
alcohol as a white solid. To the white solid, pyridium jp-toluenesulfonate 
(128 mg, 0.52 mmol) in dichloromethane (80 mL) was added 3,4-dihydro- 
2i/-pyran (2.9 mL, 3 1.86 mmol). The mixture was stirred at room 
temperature for 16 h then concentrated in vacuo. The crude residue was 
purified by flash chromatography (silica gel, 5% ethyl acetate in hexane) to 
give the title compound as a colorless syrup. 

1- (4-Bromo-8-isopropyl-3-methoxv-5,5-dimethvl-5.6-dihvdro-naphthalen- 

2- yl)-ethanone (Compound A-103) General Procedure K-l 

Cerium (III) chloride heptahydrate (21.5 g^ 57.6 mmol) was dried at 
150 °C under high vacuum for 16 h without stirring and then 3 h with 
stirring. The white solid in the flask was cooled to room temperature and 
switched to argon atmosphere. The flask was placed in an ice- water bath 
and THF (300 mL) was added. The suspension of cerium (III) chloride was 
stirred for 16 h at room temperature before placing it back into the ice water 
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bath. A solution of 5-bromo-6-methoxy-4 ? 4-dimethyl-7-[l-(tetrahydro- 
pyran-2-yloxy)-ethyl]-3 5 4-dihydro-2//-naphthalen--l-one (Compound A- 
101, 6.77 g, 16.5 mmol) in THF (30 mL) was added to the suspension of dry 
cerium chloride in THF at 0 °C and stirred for 1 h. A solution of 
isopropylmagnesium chloride (2 M in THF, 28.8mL) was then added to the 
reaction mixture and stirred for 1 h at 0 °C. The reaction mixture was 
poured onto ice water with 10% HC1, and extracted with diethyl ether. The 
combined organic layers were washed with water, brine, dried (Na 2 S0 4 ), 
filtered and concentrated in vacuo. The crude residue was purified by flash 
chromatography (silica gel, 5% ethyl acetate in hexane) to give the 
corresponding alcohol as a white solid. 

To a solution of the white solid (4.2 g 9.23 mmol) in methanol (80 
rnL) were added pyridinium /?-toluenesulfonate (232 mg, 0.92 mmol) and 
was heated to reflux for 2 h. The reaction mixture was cooled to room 
temperature, diluted with water and extracted with diethyl ether. The 
combined organic layers were washed with water, brine, dried (Na 2 S0 4 ), 
filtered and concentrated in vacuo to give the diol as a yellow syrup. The 
material was used in the next step without further purification. 

To the above syrup in dichloromethane (50 mL) were added 4A 
molecular sieves (1 g), 4-methylmorpholine N-oxide (NMO, 2.7 g, 23.1 
mmol), and tetrapropylammonium perruthenate (TPAP, 40 mg). The 
mixture was stirred at room temperature for 3 h. The mixture was loaded 
directly onto silica gel column to afford a methyl ketone mixture as a 
colorless oil. 

To a solution of the above ketone mixture and /?-toluenesulfonic acid 
(100 mg) in toluene (100 mL) was heated at 100 °C for 16 h. Toluene was 
then removed by evaporation. The crude residue was purified by flash 
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chromatography (silica gel, 5% ethyl acetate in hexane) to give the title 
compound as a yellow oil. 

l H NMR (300 MHz, CDC1 3 ): 5 7.56 (s, 1H), 5.81 (t, J=4.8Hz, 1H), 3.85 (s, 
3H), 2.89 (m, 1H), 2.65 (s, 3H), 2.22 (d, J=4.8Hz, 2H), 1.51 (s, 6H), 1.11 (d, 
J=6.7Hz, 6H). 

1- f4-Bromo-8-fert-butvl^ 

2- vl)-ethanone (Compound A-104) 

As described in General Procedure K-l, 5-bromo-6-methoxy-4,4- 
dimethyl-7-[ 1 -(tetrahydro-pyran-2-yloxy)-ethyl]-3 ,4-dihydro-2H- 
naphthalen-l-one (Compound A-101, 2.15 g, 5.23 mmol) gave rise to the 
title compound in four steps. 

l H NMR (300 MHz, CDC1 3 ): 5 7.89 (s, 1H), 5.99 (t, J=4.8Hz, 1H), 3.84 (s, 
3H), 2.64 (s, 3H), 2.14 (d, J=5.2Hz, 2H), 1.47 (s, 6H), 1.28 (s, 9H) 
l-(4-Bromo-3-hvdroxv-8-isopropyl-5,5-dimethvl-5.6-dihvdro-naphthalen-2- 
vl)-ethanone (Compound A-106) General Procedure L-l 

Sodium hydride (1.07 g, 26.64 mmol) was rinsed with hexane and 
suspended in dry A^TV-dimethylformamide (80 mL). To the suspension was 
added ethanethiol (1.9 mL, 26.6 mmol) and stirred at room temperature for 
30 min, which resulted in the formation of a clear solution. A solution of 1- 
(4-bromo-8-isopropyl-3-methoxy-5,5-dimethyl-5,6-dihydro-naphthalen-2- 
yl)-ethanone (Compound A-103, 2.6 g, 7.4 mmol) in N f N- 
dimethylformamide (10 mL) was added to the solution and the mixture was 
heated at 130 °C for 5 h. The mixture was cooled to room temperature, 
acidified with 10% HC1 and extracted with diethyl ether. The combined 
ethereal layers were washed with water, brine, dried (Na 2 S0 4 ), filtered and 
concentrated in vacuo. The crude residue was purified by flash 
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chromatography (silica gel, 5% ethyl acetate in hexane) to yield the title 
compound as a brown oil. 

l U NMR (300 MHz, CDC1 3 ): 5 13.18 (s, 1H), 7.66 (s, 1H), 5.78 (t, J=4.8Hz, 
1H), 2.86 (m, 1H), 2.65 (s, 3H), 2.21 (d, J=4.8Hz, 2H), 1.51 (s, 6H), 1.14 (d, 
J=6.7Hz, 6H). 

l"f4-Bromo-8-/gr/-butyl-3-hvdroxv-5,5-dimethvl-5,6-dihvdrO"naphthalen--2- 
vl)-ethanone (Compound A-107) 

As described in General Procedure L-l, sodium hydride (211 mg, 
5.28 mmol) and ethanethiol (0.39 mL, 5.28 mmol) was treated with a 
solution of 1 -(4-bromo-8-/er/-butyl-3-methoxy-5 9 5-dimethyl-5 3 6-dihydro- 
naphthalen-2-yl)-ethanone (Compound A-104, 536 mg, 1.47 mmol) in N,N- 
dimethylformamide to afford the title compound after purification by flash 
chromatography (silica gel, 5% ethyl acetate in hexane). 
f H NMR (300 MHz, CDC1 3 ): 5 13.09 (s, 1H), 7.99 (s, 1H), 5.99 (t, J=4.8Hz, 
1H), 2.65 (s, 3H), 2.16 (d, J=5.2Hz, 2H), 1.49 (s, 6H), 1.31 (s, 9H). 
l-(4-Bromo~3-ethoxy-8-isopropvl-5,5-dimethyl-5,6-dihvdro-naphthalen-2- 
yl)-ethanone (Compound A-109) General Procedure M-l 

A mixture of l-(4-bromo-3-hydroxy-8-isopropyl-5,5-dimethyl-5,6- 
dihydro-naphthalen-2-yl)-ethanone (Compound A-106, 1.61 g, 4.77 mmol), 
potassium carbonate (1.97 g, 14.31 mmol) and ethyl iodide (3.8 mL, 47.7 
mmol) in acetone (50 mL) was heated to reflux for 16 h. The reaction 
mixture was cooled to room temperature, diluted with water and extracted 
with diethyl ether. The combined ethereal layers were washed with water, 
brine, dried (Na 2 S0 4 ), filtered and concentrated in vacuo to give the title 
compound as a yellow oil. The material was used in the next step without 
further purification. 
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l H NMR (300 MHz, CDC1 3 ): 5 7.52 (s, 1H), 5.80 (t, J=4.8Hz, 1H), 3.96 (q, 
J=7.0Hz, 2H), 2.88 (m, 1H), 2.64 (s, 3H), 2.21 (d, J=4.8Hz, 2H), 1.50 (s, 
6H), 1 .46 (t, J=7.0Hz, 3H), 1 . 1 1 (d, J=6.7Hz, 6H). 

l-r4-Bromo-3-ethoxv-8-isopropvl-5,5-dimethvl-5,6-dihydro-naphthalen"2- 
vD-propan- 1-one (Compound A-110) 

To a solution of l-(4-bromo-3-ethoxy-8-isopropyl-5,5-dimethyl-5,6- 
dihydro-naphthalen-2-yl)-ethanone (Compound A-109, 1.75 g, 4.81 mmol) 
in THF (33 mL) at -78°C was added lithium diisopropylamide (1.5 M in 
cyclohexane, 3.85 mL, 5.78 mmol). The bath was removed and the mixture 
was stirred for 2.5 h. The mixture was cooled to -78 °C again and methyl 
iodide was added. The mixture was stirred at room temperature for 16 h, 
quenched with saturated ammonium chloride, and extracted with diethyl 
ether. The combined ethereal layers were washed with water, brine, dried 
(Na 2 S0 4 ) 3 filtered and concentrated in vacuo. The crude residue was 
purified by flash chromatography (silica gel, 2% ethyl acetate in hexanes) 
followed by HPLC (normal phase, 2% ethyl acetate in hexanes) to give the 
title compound as clear oil. 

! H NMR (300 MHz, CDC1 3 ): 5 7.43 (s, 1H), 5.80 (t, J=4.8Hz, 1H), 3.96 (q, 
J=7.0Hz, 2H), 3.0 (q, J=7.3Hz, 2H), 2.87 (m, 1H), 2.21 (d, J=4.8Hz, 2H), 
1.50 (s, 6H), 1.43 (t, J=7.0Hz, 3H), 1.18 (t, J=7.3Hz, 3H), 1.1 1 (d, J=6.7Hz, 
6H). 

l-(4-Bromo-3-ethoxv-8-isopropvl-5,5-dimethyl-5,6-dihydro-naphthalen-2- 
ylV2-methvl-propan- 1 -one ( Compound A-lll). 

To a solution of l-(4-bromo-3-ethoxy-8-isopropyl-5,5-dimethyl-5,6- 
dihydro-naphthalen-2-yl)-ethanone (Compound A-109, 512 mg, 1.4 mmol) 
in THF (10 mL) at -78°C was added lithium diisopropylamide (1 .5 M in 
cyclohexane, 2.0 mL, 3.0 mmol). The cold bath was removed and the 
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mixture was stirred for 3 h. The mixture was cooled to -78°C again and 
methyl iodide (0.52 mL, 8.34 mmol) was added. The mixture was stirred at 
room temperature for 16 h then quenched with ammonium chloride (sat), 
extracted with diethyl ether. The combined ethereal layers were washed 
with water, brine, dried (Na 2 S0 4 ), filtered and concentrated in vacuo. The 
crude residue was purified by flash chromatography (silica gel, 2% ethyl 
acetate in hexanes) followed by HPLC (Waters-Nova Pak column, 2% ethyl 
acetate in hexanes) to give the title compound. 

l H NMR (300 MHz, CDC1 3 ) 5 7.28 (s, 1H), 5.79 (t, 7=4.7 Hz, 1H), 3.92 (q, 
J=7.0 Hz, 2H), 3.48 (sept, J=6.9 Hz, 1H), 2.84 (sept, J=6.6 Hz, 1H), 2.21 (d, 
J=3.8, 2H), 1.49 (s, 3H), 1.39 (t, 7=7.0 Hz, 3H), 1.50 (d, 7=7.0 Hz, 6K), 1.10 
(d, 7=6.7Hz, 6H). 

l-(4-Bromo-3-isopropoxv-8-isopropvl>5,5-dimethvl-5.6-dihydro- 
naphthalen-2-vl)-ethanone (Compound A-112) 

As described in General Procedure M-l, l-(4-bromo-3 -hydroxy- 8- 
isopropyl-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-ethanone (Compound 
A-106, 266 mg, 0.75 mmol), potassium carbonate (314 mg, 2.25 mmol) and 
2-iodopropane (0.76 mL, 7.5 mmol) were reacted in acetone to produce the 
title compound. The crude material was used in the next step without 
purification. 

] H NMR (300 MHz, CDC1 3 ): 5 7.42 (s, 1H), 5.80 (t, J=4.8Hz, 1H), 4.34 (m, 
1H), 2.87 (m, 1H), 2.62 (s, 3H), 2.21 (d, J=4.8Hz, 2H), 1.50 (s, 6H), 1.31 (d, 
J=6.4Hz, 6H), 1.10 (d, J=6.7Hz, 6H). 

l-r4-Bromo-8-isopropvl-5,5-dimethvl>3-propoxv-5,6-dihvdro-naphthalen-2- 
vl)-ethanone (Compound A-113) 
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As described in General Procedure M-l, l-(4-bromo-3-hydroxy-8- 
isopropyl-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-ethanone (Compound 
A-106, 210 mg, 0.60 mmol), potassium carbonate (248 mg, 1.8 mmol) and 
1-iodopropane (0.58 mL, 6.0 mmol) were reacted in acetone to produce the 
title compound. The crude material was used in the next step without 
purification. 

! H NMR (300 MHz, CDC1 3 ): 5 7.50 (s, 1H), 5.80 (t, J=4.8Hz, 1H), 3.83 (t, 
J=7.0Hz, 2H), 2.88 (m, 1H), 2.64 (s, 3H), 2.21 (d, J=4.8Hz, 2H), 1.89 (m, 
2H), 1.50 (s, 6H), 1.11 (d, J=6.7Hz, 6H) 5 1.07 (m, 3H). 

l-(4-Bromo-8-ter^-butvl-3-ethoxv-5,5-dimethyl-5,6-dihydro-naphthalen->2- 
vD-ethanone (Compound A-l 14) 

As described in General Procedure M-l , l-(4-bromo-8-^er/-butyl-3- 
hydroxy-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-ethanone (Compound 
A-107, 223 mg, 0.64 mmol) in acetone was treated with potassium 
carbonate (263 mg, 1.91 mmol) and iodoethane (0.64 mL, 6.35 mmol) to 
produce the title compound. The crude material was used in the next step 
without purification. 

! H NMR (300 MHz, CDC1 3 ): 5 7.85 (s, 1H), 6.00 (t, J=4.8Hz, 1H), 3.97 (q, 
J=6.7Hz, 2H), 2.65 (s, 3H), 2.15 (d, J=5.2Hz, 2H), 1.48 (s, 6H), 1.47 (m, 
3H), 1.29 (s,9H). 

l-(4-Bromo-8-/grr-butyl-3-isopropoxv-5,5-dimethyl-5 <t 6-dihvdro- 
naphthalen-2-vl)-ethanone (Compound A-l 15) 

As described in General Procedure M-l, l-(4-bromo-8-^r/-butyl-3- 
hydroxy-5,5-dimethyl-5 ? 6-dihydro-naphthalen-2-yl)-ethanone (Compound 
A-l 07, 150 mg, 0.43 mmol) in acetone was treated with potassium 
carbonate (177 mg, 1.28 mmol) and 2-iodopropane (0.43 mL, 4.27 mmol) to 



600 64 PA 



17626 



178 



produce the title compound. The crude material was used in the next step 
without purification. 

*H NMR (300 MHz, CDCI 3 ): 6 7.74 (s, 1H), 5.99 (t, J=4.8Hz, 1H), 4.33 (m, 
1H), 2.62 (s, 3H), 2.17 (m, 2H), 1.48 (s, 6H), 1.2-1.4 (m, 15H). 

l-r4-Bromo-8-5 > gc-bu1^l-3-ethoxv-5,5-dimethvl-5,6-dihvdro-naDhthalen-2- 
vP-propran- 1 -one 

(Compound A-116). 

As described in General Procedure K-l, 5-bromo-6-ethoxy-4,4- 
dimethyl-7- { 1 -[ 1 -(tetrahydro-pyran-2-yloxy)-ethoxy]-propyl } -3 ,4-dihydro- 
2#-naphthalen-l-one (Compound A-102, 2.60 g, 5.92 mmol) gave rise to 
the title compound in four steps. 

*H NMR (300 MHz, CDC1 3 ) 8 7.42 (s, 1H), 5.78 (t, 7=4.7Hz, 1H), 3.94 (q, 
7=7.0 Hz, 2H), 3.00 (q, 7=7.3 Hz, 2H), 2.63 (sext, 7=6.6 Hz, 1H), 2.30-2.15 
(m, 2H), 1.55 (s, 3H), 1.47(s, 3H), 1.43 (t, 7=7.0 Hz, 3H), 1.30-1.23 (m, 
2H), 1.18(t,7=7.3 Hz, 3H), 1.11 (d,7=6.7Hz, 3H), 0.88 (t, 7=7.3 Hz, 3H). 
3-Bromo- 1 -chloro-8.8-dimethvl-5,6.7.8-tetrahvdro-riaphalene-2-ol 
(Compound A-117) 

To a solution of 3-bromo-8,8-dimethyl-5,6,7,8-tetrahydronaphthale-2- 
ol (Compound A-2, 3.9 g, 15.39 mmol) in THF (30 mL) was added N- 
chlorosuccinimide (2.04 g, 15.39 mmol) and stirred at room temperature for 
24 h. The reaction was quenched with water and extracted with ether. The 
organic layers were washed successively with water, brine, dried over 
Na 2 S04, and concentrated in vacuo. Purification by flash column 
chromatography (silica gel, 2% ethyl acetate/hexane) yielded the title 
compound as an oil. 

l H NMR (300 MHz, CDC1 3 ): 5 1.48 (s, 6H), 1.67-1.72 (m, 4H), 2.70 (t, J= 
6.2 Hz, 2H), 5.99 (s, 1H), 7.17 (s, 1H). 
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6-Bromo-8-chloro-7-ethoxv- 1 , 1 -dimethyl- 1 .2,3 ,4-tetrahvdronaphthalene 
(Compound A-118) 

A mixture of 3-bromo- 1 -chloro-8,8-dimethyl-5,6,7 ? 8-tetrahydro- 
naphalene-2-ol (Compound A-117, 3.9 g, 13.49 mmol), iodoethane (5 mL, 
54 mmol), and potassium carbonate (4.68 g, 18. 1 1 mmol) in acetone (30 
mL) was stirred at 70 °C overnight. The solvent was removed in vacuo. The 
residue was purified by column chromatography (silica gel, 2.5% ethyl 
acetate in hexane) to afford the title compound as a pale yellow oil. 
l H NMR (300 MHz, CDC1 3 ): 3 1.46 (t, J=7.0 Hz, 3H), 1.49 (s, 6H), 1.65- 
1.71 (m, 4H), 2.71 (t, J= 6.1 Hz, 2H), 4.03 (q, J=7.0Hz, 2H), 7.19 (s, 1H). 
7-Bromo-5-chloro-6-ethoxv-4,4-dimethyl-3,4-dihvdro-2H-naphthalen-l-one 
(Compound A-l 19) 

To a solution of 6-bromo-8-chloro-7-ethoxy- 1,1 -dimethyl- 1,2,3,4- 
tetrahydronaphthalene (Compound A-118, 4.1 g, 12.93 mmol) in 
dichloromethane (20 mL) and tert-butyl hydroperoxide (20 mL) at room 
•temperature was added a catalytic amount of chromium (VI) oxide. The 
reaction was stirred overnight. Quenched with the reaction with water 
followed by extraction with ether. The organic layers were washed with 
water, brine, dried over Na 2 S0 4 and concentrated in vacuo. Purification by 
flash column chromatography (silica gel, 2% ethyl acetate/hexane) yielded 
the title compound as a white solid. 

l H NMR (300 MHz, CDC1 3 ): 5 1.50 (t, J=7.0 Hz, 3H), 1.61 (s, 6H), 2.01 (t, 
J=6.8 Hz, 2H), 2.64 (t, J-6.8Hz, 2H), 4.1 1 (q, J=7.0Hz, 2H), 8.20 (s, 1H). 
6-Bromo-8-chloro-7-ethoxv-4-isoprop yl- 1 , 1 -dimethyl- 1 .2- 
dihvdronaphthalene (Compound A-l 20) 

To a solution of 7-bromo-5-:chloro-6-ethoxy-4,4-dimethyl-3,4- 
dihydro-2//-naphthalen- 1 -one (Compound A-l 19, 0.78 g, 2.35 mmol) in 
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THF (10 mL) and DMPU (3 mL) at -30°C was added a solution of 
isopropylmagnesium bromide (2M in THF, 5.8 mL, 1 1.79 mmol). The 
reaction was allowed to warm to 10 °C during 3 h. The reaction was 
quenched with ice water and extracted with ether. The organic layer was 
washed successively with water, brine, dried over Na 2 S0 4 , and concentrated 
in vacuo. Column chromatography was applied to isolate the desired alcohol 
product as oil, which was then dissolved in benzene (10 mL). After catalytic 
amount of /7-toluenesulfonic acid was added, the reaction mixture was 
heated to reflux for 2 h. The solvent was removed in vacuo. The residue was 
purified by column chromatography (silica gel, 1% ethyl acetate in hexane) 
to afford the title compound as a pale yellow oil. 

l H NMR (300 MHz, CDC1 3 ): 5 1.1 1 (d, J=6.4Hz, 6H), 1.43 (s, 6H), 1.47 (t, 
J=7.0 Hz, 3H), 2.18 (d, J=5.0Hz, 2H), 2.88 (hept, J= 6.4Hz, 1H), 4.07 (q, 
J=7.0Hz, 2H), 5.79 (t, J=5.0Hz, 1H), 7.40 (s, 1H). 

a-r4-Chloro-3-ethoxv-8-isopropvl-5.5-dimethvl-5 )t 6-dihv(konaphthalen-2- 
vl)-ethanone (Compound A-121) 

As described in General Procedure E-l, 6-bromo-8-chloro-7-ethoxy- 
4-isopropyl- 1,1 -dimethyl- 1 ,2-dihydronaphthalene (Compound A-120, 0.28 
g, 0.78 mmol), tributyl(l-ethoxyvinyl)tin (564 mg, 0.52 mmol) and 
dichlorobis(triphenylphosphine)palladium (II) (0.045 g, 0.062 mmol) were 
reacted in THF (12 mL) to produce the title compound as a colorless oil 
after purification by flash chromatography (silica gel, 1% to 4% ethyl 
acetate in hexane). 

l U NMR (300 MHz, CDC1 3 ): 5 1.1 1 (d, J=6.7Hz, 6H), 1.45 (t, J=7.0 Hz, 
3H), 1.46 (s, 6H), 2.20 (d, J-4.8Hz, 2H), 2.65 (s, 3H), 2.90 (hept, J= 6.7Hz, 
1H), 4.07 (q, J=7.0Hz, 2H), 5.80 (t, J=4.8Hz, 1H), 7.50 (s, 1H). 
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l-(4-Chloro-3-ethoxv-8-isopropvl-5.5-dimethvl-5.6-di hvdronaphthalen-2- 

vlVpropan-l-ol (Compound A-122) 

To a solution of 6-bromo-8-chloro-7-ethoxy-4-isopropyl-l,l- 
dimethyl-l,2-dihydronaphthalene (Compound A-120, 0.3 g, 0.84 mmol) in 
ether (5 mL) at -78 °C was added n-butyllithium (1.6 M in hexanes, 1.15 
mL, 1 .84 mmol) and stirred at -78 °C for 25 min. A^-dimethylformamide 
(1 mL) was added and the reaction mixture was allowed to warm up-40 °C 
during 5 min. The reaction mixture was quenched with water and extracted 
with ether. The combined organic layers were washed with water and brine, 
dried over MgS0 4 and concentrated under reduced pressure. The crude 
material was then dissolved in THF (4 mL) at 0 °C. A solution of 
ethylmagnesium bromide (2.0 M in THF, 1.26 mL, 2.52 mmol) was added. 
The reaction was stirred at 0 °C for 30min and at room temperature for 1 h. 
The reaction mixture was quenched with water and extracted with ether. 
The combined organic layers were washed with water and brine, dried over 
Na 2 S0 4 and concentrated under reduced pressure. The residue was purified 
by flash column chromatography (silica gel, 5% to 10% ethyl acetate in 
hexane) yielding the title compound as an oil. 

J H NMR (300 MHz, CDC1 3 ): 8 0.99 (t, J=7.3Hz, 3H), 1.09-1 .13 (m, 6H), 
1.43-1.50 (m, 9H), 1.80 (m. 2H), 2.09 (d, J=4.4Hz, 1H), 2.19 (d, J=4.7Hz, 

2H), 2.89 (m, 1H), 4.03 (m, 2H), 4.90 (m, 1H), 5.75 (t, J=4.7Hz, 1H), 7.29 

(s,lH). 

l-(4-Chloro-3-ethoxv-8-isopropvl-5.5-dimethvl -5.6-dihvdronaphthalen-2- 

vl Vpropan- 1 -one (Compound A-123) 

As described in General Procedure H-l, l-(4-chloro-3-ethoxy-8- 
isopropyl-5,5-dimethyl-5,6-dihydronaphthalen-2-yl)-propan- 1 -ol 
(Compound A-122, 120 mg, 0.36 mmol), 4-methylmorpholine N-oxide (84 
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mg, 0.72 mmol) were reacted in dichloromethane (4 mL) and acetonitrile (2 

mL) to produce the title compound as an oil after purification by flash 

chromatography (silica gel, 10% ethyl acetate in hexane). 

'HNMR (300 MHz, CDC1 3 ): 8 1.03 (d, J=6.7Hz, 6H), 1.10 (t, J=7.3Hz, 3H), 

1.34 (t, J=7.0Hz, 3H), 1.38(s, 6H), 2.13 (d, J=4.7Hz, 2H), 2.89 (m, 1H), 

2.93 (q, J=7.3Hz, 2H), 3.90 (q, J=7.0Hz, 2H), 5.72 (t, J=4.7Hz, 1H), 7.34 (s, 

1H). 

Ethyl ( , 2E)-3-(4-bromo-8-isopropvl-3-methoxv-5.5-dimethvl-5.6-dihvdro- 
naphthalen-2-vl)-2-fluoro-but-2-enoate (Compound A-124) 

As described in General Procedure F-l, l-(4-bromo-8-isopropyl-3- 
methoxy-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-ethanone (Compound 
A-103, 358 mg, 1.02 mmol) andtriethyl 2-fluoro-2-phosphonoacetate (0.83 
mL, 4.08 mmol) were reacted with n-butyllithium (1.6 M in hexanes, 2.55 
mL, 4.08 mmol) in THF to produce the title compound after purification by 
flash column chromatography (silica gel, 2% ethyl acetate in hexane). 
! H NMR (300 MHz, CDC1 3 ): 5 6.96 (s, 1H), 5.77 (t, J=4.8Hz, 1H), 4.04 (m, 
2H), 3.73 (s, 3H), 2.78 (m, 1H), 2.20 (d, J=4.7Hz, 2H), 2.14 (d, J=4.7Hz, 
3H), 1.49 (s, 6H), 1.08 (d, J=6.7Hz, 6H), 0.99 (m, 3H). 
Ethyl (2E)-3-(4-bromo-3-ethoxv-8-isopropvl-5.5-dimethvl-5.6-dihvdro- 
naphthalen-2-vl)-2-fluoro-but-2-enoate ( Compound A-125) 

As described in General Procedure F-l, l-(4-bromo-3-ethoxy-8- 
isopropyl-5 ? 5-dimethyl-5,6-dihydro-naphthalen-2-yl)-ethanone (Compound 
A-109, 1.08 g, 2.96 mmol) and triethyl 2-fluoro-2-phosphonoacetate (2.86 
g, 1 1 .84 mmol) were reacted with /z-butyllithium (1 .6 M in hexanes, 7.4 mL, 
1 1.84 mmol) in THF to produce the title compound after purification by 
flash column chromatography (silica gel, 2% ethyl acetate in hexane). 
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'H NMR (300 MHz, CDCI3): 5 6.97 (s, 1H), 5.76 (t, J=4.8Hz, 1H), 4.04 (m, 
2H), 3.90 (m, 2H), 2.78 (m, 1H), 2.20 (d, J=4.7Hz, 2H), 2.15 (d, J=4.7Hz, 
3H), 1.49 (s, 6H), 1.37 (m, 3H), 1.08 (d, J=6.7Hz, 6H), 0.99 (m, 3H). 
Ethyl (2EV3-r4-bromo-3-etfaoxv-8-isopropvl-5.5-dimethvl-5.6-dihvdro- 
naphthalen-2-vl)-2-fluoro-pent-2-enoate (Compound A-126) 

As described in General Procedure F-l, l-(4-bromo-3-ethoxy-8- 
isopropyl-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-propan-l-one 
(Compound A-110, 970 mg, 2.56 mmol) and triethyl 2-fluoro-2- 
phosphonoacetate (2.48 g, 10.24 mmol) were reacted with n-butyllithium 
(1.6 M in hexanes, 6.4 mL, 10.24 mmol) in THF to produce the title 
compound after purification by flash column chromatography (silica gel, 
2% ethyl acetate in hexane). 

*H NMR (300 MHz, CDC1 3 ): 5 6.91 (s, 1H), 5.75 (t, J=4.8Hz, 1H), 4.08- 
3.84 (m, 4H), 2.78 (m, 2H), 2.48 (m, 1H), 2.20 (d, J=4.7Hz, 2H), 1.49 (s, 
6H), 1 .36 (m, 3H), 1 .07 (d, J=6.7Hz, 6H), 1 .03-0.96 (m, 6H). 
Ethvl (2E)-3-(4-bromo-3-ethoxv-8-isopropvl-5.5-dimethvl-5.6-dihvdro- 
naphthalen-2-yD-2-fluoro-4-metvl-pent-2-enoate (Compound A-127). 

As described in General Procedure F-l, l-(4-bromo-3-ethoxy-8- 
isopropyl-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-2-methyl-propan-l- 
one (Compound A-lll, 234 mg, 0.60 mmol) and triethyl 2-fluoro-2- 
phosphonoacetate (576 mg, 2.38 mmol) were reacted with n-butyllithium 
(1.6 M in hexanes, 1.48 mL, 2.38 mmol) in THF to produce the title 
compound as a clear oil after purification by flash column chromatography 
(silica gel, 2% ethyl acetate in hexane). 

! H NMR (300 MHz, CDC1 3 ) 5 6.76 (s, 1H), 5.67 (t, J=4A Hz, 1H), 3.97- 
3.69 (m, 4H), 2.99 (sept, 7=6.9 Hz, 1H), 2.69 (sept, J=6.4 Hz, 1H), 2.13 (d, 
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.7=5.9 Hz, 2H), 1.43 (s, 3H), 1.40 (s, 3H), 1.29 (t, 7=7.0 Hz, 3H), 1.06 (d, 
/=7.0 Hz, 6H), 0.99 (d, 7=6.7 Hz, 6H), 0.88 (t, 7=7.2 Hz, 3H). 
Ethyl (2Ey3-r4-bromo^ 

naphthaIen-2-viy2-fluoro-but-2-enoate (Compound A-128) 

As described in General Procedure F-l, l-(4-bromo-3-isopropoxy-8» 
isopropyl-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-ethanone (Compound 
A-112, 262 mg, 0.69 mmol) and triethyl 2-fluoro-2-phosphonoacetate (669 
mg, 2.76 mmol) were reacted with w-butyllithium (1.6 M in hexanes, 1.73 
mL, 2.76 mmol) in THF to produce the title compound after purification by 
flash column chromatography (silica gel, 2% ethyl acetate in hexane). 
l H NMR (300 MHz, CDC1 3 ): 5 6.98 (s, 1H), 5.76 (t, J=4.8Hz, 1H), 4.38 (m, 
1H), 4.06 (m, 2H), 2.78 (m, 1H), 2.20 (d, J=4.7Hz, 2H), 2.15 (d, J=4.7Hz, 
3H), 1.50 (s, 6H), 1.27 (s, 6H), 1.09 (d, J=6.7Hz, 6H), 1.00 (m, 3H). 
Ethyl (2E)-3-(4-bromo-3-propoxv-8-isopropyl-5.5-dimethvl-5.6-dihvdro- 
naphthalen-2-vl)-2-fluoro-but-2-enoate (Compound A-l 29) 

As described in General Procedure F-l, l-(4-bromo-8-isopropyl-5,5- 
dimethyl-3-propoxy-5,6-dihydro-naphthalen-2-yl)-ethanone (Compound A- 
113, 202 mg, 0.53 mmol) and triethyl 2-fluoro-2-phosphonoacetate (516 
mg, 2.12 mmol) were reacted with «-butyllithium (1.6 M in hexanes, 1.33 
mL, 2.12 mmol) in THF to produce the title compound after purification by 
flash column chromatography (silica gel, 2% ethyl acetate in hexane). 
*H NMR (300 MHz, CDC1 3 ): 8 6.97 (s, 1H), 5.77 (t, J=4.8Hz, 1H), 4.37 (br 
s, 2H), 3.80 (m, 2H), 2.79 (m, 1H), 2.21 (d, J=4.7Hz, 2H), 2.16 (d, J=4.7Hz, 
3H), 1.77 (m, 2H), 1.50 (s, 6H), 1.09 (d, J=6.7Hz, 6H), 1.01 (m, 6H). 
Ethyl (2E)-3-(4-bromo-8-^-butvl-3-ethoxY-5.5-dimethvl-5.6-dihvdro- 
naphthalen-2-vl)-2-fluoro-but-2-enoate (Compound A-130) 
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As described in General Procedure F-l, l-(4-bromo-8-ter*-butyl-3- 
ethoxy-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-ethanone (Compound 
A-114, 98 mg, 0.26 mmol) and triethyl 2-fluoro-2-phosphonoacetate (250 
mg, 1.03 mmol) were reacted with n-butyllithium (1.6 M in hexanes, 0.65 
mL, 1.03 mmol) in THF to produce the title compound after purification by 
flash column chromatography (silica gel, 2% ethyl acetate in hexane). 
'H NMR (300 MHz, CDC1 3 ): 6 7.25 (s, 1H), 5.96 (t, J=4.8Hz, 1H), 4.00- 
4.10 (m, 2H), 3.90-4.00 (m, 2H), 2.12-2.16 (m, 5H), 1.47 (s, 6H), 1.36 (m, 
3H), 1.25 (s, 9H), 1.00 (m, 3H). 

Ethvl (2EV3-f4-bromo-8-ferf-butvl-3- isoproooxv -5.5-dimethvl-5.6- 
dihvdro-naphthalen-2-vlV2-fluoro-but-2-enoate (Compound A-131) 

As described in General Procedure F- 1 , 1 -(4-bromo-8-fer?-butyl-3- 
isopropoxy-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-ethanone 
(Compound A-115, 143 mg, 0.36 mmol) and triethyl 2-fluoro-2- 
phosphonoacetate (352 mg, 1.46 mmol) were reacted with «-butyllithium 
(1.6 M in hexanes, 0.91 mL, 1.46 mmol) in THF to produce the title 
compound after purification by flash column chromatography (silica gel, 
2% ethyl acetate in hexane). 

l H NMR (300 MHz, CDC1 3 ): 8 7.27 (s, 1H), 5.97 (t, J=4.8Hz, 1H), 4.38 (m, 
1H), 4.05 (m, 2H), 2.11-2.16 (m, 5H), 1.48 (s, 3H), 1.46 (s, 3H), 1.20-1.40 
(m, 15H), 0.99 (m, 3H) 

Ethvl (2E')-3-r4-bromo-8-^ec-butvl-3-ethoxv-5.5-dimethvl-5.6-dihvdro- 
naphthalen-2-vlV2-fluoro-pent-2-enoate (Compound A-132). 

As described in General Procedure F-l, l-(4-bromo-8-5ec-butyl-3- 
ethoxy-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-propran-l-one 
(Compound A-116, 530 mg, 1.35 mmol) and triethyl 2-fluoro-2- 
phosphonoacetate (1.3 g, 5.4 mmol) were reacted with n-butyllithium (1.6 
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M in hexanes, 3.4 mL, 5.4 mmol) in THF to produce the title compound as a 
yellow oil after purification by flash column chromatography (silica gel, 2% 
ethyl acetate in hexane). 

*H NMR (300 MHz, CDC1 3 ) 5 6.90 (s, 1H), 5.74 (t, .7=4.7 Hz, 1H), 4. 1 1- 
3.78 (m, 4H), 2.82-2.68 (m, 1H), 2.57-2.41 (m, 2H), 2.30-2.14 (m, 2H), 1.55 
(s, 3H), 1.44 (s, 3H), 1.39-1.26 (m, 2H), 1.36 (t, J=7.0 Hz, 3H), 1.08 (d, 
J=6.7 Hz, 3H), 0.98 (t, J=7.2 Hz, 3H), 0.85 (t, J^7.3 Hz, 3H). 
Ethyl rE)-3-(4-chloro-3-ethoxv-8-isopropyl-5,5-dimethvl-5,6- 
dihydronaphthalen-2-vl)-2-fluoro-but-2-enoate (Compound A-133) 

As described in General Procedure F-l, l-(4-chloro-3-ethoxy-8- 
isopropyl-5,5-dimethyl-5,6-dihydronaphthalen-2-yl)-ethanone (Compound 
A-121, 0.23 g, 0.72 mmol) and triethyl 2-fluoro-2-phosphonoacetate (566 
mg, 23 mmol) were reacted with w-butyllithium (1.6 M in hexanes, 1.46 
mL, 2.3 mmol) in THF to produce the title compound after purification by 
flash column chromatography (silica gel, 2% to 4% ethyl acetate in hexane). 
! H NMR (300 MHz, CDC1 3 ): 5 0.99 (t, J=7.1Hz, 3H), 1.10 (d, J=6.7Hz, 
6H), 1.35 (t, J=7.0 Hz, 3H), 1.45 (s, 6H), 2.15(d, J=4.4Hz, 3H), 2.20 (d, 
J=4.8Hz, 2H), 2.79 (hept, J= 6.7Hz, 1H), 3.90 (br, 2H), 4.03 (br, 2H), 5.75 
(t, J=4.8Hz, 1H), 6.92 (s, 1H). 

(2E)-3-r4-Bromo-8-isopropvl-3-methoxy-5.5-dimethvl-5,6-dihydro- 
naphthalen-2- yl)-2-fluoro-but-2-en~ 1 -ol (Compound A-135) 

Following General Procedure G-l, ethyl (2E)-3-(4-bromo-8- 
isopropyl-3-methoxy-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-2-fluoro- 
but-2-enoate (Compound A-124, 313 mg, 0.71 mmol) and 
diisobutylaluminum hydride (1 M in methylene chloride, 1.7 mL, 1.7 mmol) 
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were reacted to give the title compound as a colorless oil after purification 
by flash chromatography (silica gel, 1 0% ethyl acetate in hexanes). 
J H NMR (300 MHz, CDC1 3 ): S 7.07 (s, 1H), 5.80 (t, J=4.8Hz, 1H), 4.04 (m, 
2H), 3.73 (s, 3H), 2.81 (m, 1H), 2.22 (d, J=4.7Hz, 2H), 2.04 (d, J=4.7Hz, 
3H), 1.50 (s, 6H), 1.10 (d, J=6.7Hz, 6H). 

(2E)-3-(4-Bromo-3-ethoxv-8-iso propvl-5.5-dimethvl-5.6-dih Y drr>- 
naphthalen-2-vD-2-fluoro -but-2-en- 1 -ol (Compound A-136) 

Following General Procedure G-l, ethyl (2E)-3-(4-bromo-3-ethoxy- 
8-isopropyl-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-2-fluoro-but-2- 
enoate (Compound A-125, 1.2 g, 2.65 mmol) and diisobutylaluminum 
hydride (1 M in methylene chloride, 6.35 mL, 6.35 mmol) were reacted to 
give the title compound as a colorless oil after purification by flash 
chromatography (silica gel, 10% ethyl acetate in hexanes). 
'H NMR (300 MHz, CDC1 3 ): 5 7.07 (s, 1H), 5.79 (t, J=4.8Hz, 1H), 3.8-4.1 
(m, 4H), 2.81 (m, 1H), 2.22 (d, J=4.7Hz, 2H), 2.04 (d, J=4.7Hz, 3H), 1.49 
(s, 6H), 1.41 (m, 3H), 1.10 (d, J=6.7Hz, 6H) 

(2E)-3-(4-Bromo-3-ethoxv-8-isop r opvl-5.5-dimethvl-5.6-dihvdrn- 
naphthalen-2- vl)-2-fluor o- D ent-2-en- 1 -ol (Compound A-137) 

Following General Procedure G-l, ethyl (2E)-3-(4-bromo-3-ethoxy- 
8-isopropyl-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-2-fluoro-pent-2- 
enoate (Compound A-126, 1.07 g, 2.29 mmol) and diisobutylaluminum 
hydride (1M in methylene chloride, 5.5 mL, 5.5 mmol) were reacted to give 
the title compound as a colorless oil after purification by flash 
chromatography (silica gel, 10% ethyl acetate in hexanes). 
! H NMR (300 MHz, CDC1 3 ): 8 7.04 (s, 1H), 5.77 (t, J=4.8Hz, 1H), 3.6-3.9 
(m, 4H), 2.80 (m, 1H), 2.53 (m, 2H), 2.21 (d, J=4.7Hz, 2H), 1.49 (s, 6H), 
1.41 (m, 3H), 1.09 (d, J=6.7Hz, 6H), 0.99 (m, 3H). 
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r2E)"3-r4-Bromo-3-el3ioxy-8-isopropvl-53-dimethvl-5,6--dihydro- 
naphthalen-2- vl)-2-fluoro-4-methyl-pent-2-en- 1 -ol (Compound A-138). 

Following General Procedure G-l, (2E)-3-(4-bromo-3-ethoxy-8- 
isopropyl-5,5-dimethyl-5 5 6-dihydro-naphthalen-2-yl)-2-fluoro-4-metyl- 
pent-2-enoic acid ethyl ester (Compound A-127, 196 mg, 0.40 mmol) and 
diisobutylaluminum hydride (1 M in methylene chloride, 1.0 mL, 1 .0 
mmol) were reacted to give the title compound as a yellow syrup after 
purification by flash chromatography (silica gel, 10% ethyl acetate in 
hexanes). 

! H NMR (300 MHz, CDC1 3 ) 5 6.92 (s, 1H), 5.71 (t, ,7=4.4 Hz, 1H), 3.92- 
3.79 (m, 4H), 2.90 (sept, J=7.0 Hz, 1H), 2.71 (sept, J=6.5 Hz, 1H), 2.40 (br 
s, 1H), 2.14 (dd, 7=5.0, 1.2 Hz, 2H), 1.42 (s, 6H), 1.34 (t, 7=7.0 Hz, 3H), 
1.11 (dd, J=7.0, 0.9 Hz, 3H), 1.03 (d, 7=6.7Hz, 3H), 1.01 (d, 7=6.7Hz, 6H). 
(2E)-3-(4-Bromo-3-isopropoxv-8-isopropyl-5,5-dimethyl-5,6-dihvdro- 
naphthalen-2- yl)-2 -fluoro-but-2-en- 1 -ol (Compound A-139) 

Following General Procedure G-l, ethyl (2E)-3-(4-bromo-3- 
isopropoxy-8-isopropyl-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-2- 
fluoro-but-2-enoate (Compound A-128, 282 mg, 0.60 mmol) and 
diisobutylaluminum hydride (1 M in methylene chloride, 2.4 mL, 2.4 mmol) 
were reacted to give the title compound as a colorless oil after purification 
by flash chromatography (silica gel, 10% ethyl acetate in hexanes). 
! H NMR (300 MHz, CDC1 3 ): 5 7.06 (s, 1H), 5.79 (t, J=4.8Hz, 1H), 4.38 (m, 
1H), 3.90-4.10 (m, 2H), 2.70-2.90 (m, 1H), 2.22 (d, J=4.7Hz, 2H), 2.02 (d, 
J=4.7Hz, 3H), 1.50 (s, 6H), 1.27 (s, 6H), 1.10 (d, J=6.7Hz, 6H). 
(2E)-3-(4-Bromo-8-isopropvl-5.5-dimethvl-3-propoxy-5,6-dihydro- 
naphthalen-2-yl)-2-fluoro-but-2-en-l-ol (Compound A-140) 
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Following General Procedure G-l, ethyl (2E)-3-(4-bromo-3-propoxy- 
8-isopropyl-5 5 5-dimethyl-5 ? 6-dihydro-naphthalen-2-yl)-2-fluoro-but-2- 
enoate (Compound A-129, 215 mg, 0.46 mmol) and diisobutylaluminum 
hydride (1 M in methylene chloride, 1.1 mL, 1.1 mmol) were reacted to give 
the title compound as a colorless oil after purification by flash 
chromatography (silica gel, 10% ethyl acetate in hexanes). 
*H NMR (300 MHz, CDC1 3 ): 5 7.06 (s, 1H), 5.79 (t, J=4.8Hz, 1H), 3.90- 
4.10 (m, 2H), 3.77 (m, 2H), 2.81 (m, 1H), 2.22 (d, J=4.7Hz, 2H), 2.03 (d, 
J=4.7Hz, 3H), 1.81 (m, 2H), 1.49 (s, 6H), 1.10 (d, J=6.7Hz, 6H), 1.01 (m, 
3H). 

( r 2E)-3-(4-Bromo-8-/gr/-butvl-3-ethoxv-5 < 5-dimethvl-5.6-dihvdro- 
naphthalen-2-vl)-2-fluoro-but-2-en- 1 -ol (Compound A-l 41) Following 
General Procedure G-l, ethyl (2E)-3-(4-bromo-8-tert-butyl-3-ethoxy-5,5- 
dimethyl-5,6-dihydro-naphthalen-2-yl)-2-fluoro-but-2-enoate (Compound 
A-130, 80 mg, 0.17 mmol) and diisobutylaluminum hydride (1 M in 
methylene chloride, 0.46 mL, 0.46 mmol) were reacted to give the title 
compound as a Colorless oil after purification by flash chromatography 
(silica gel, 10% ethyl acetate in hexanes). 

! H NMR (300 MHz, CDC1 3 ): 5 7.35 (s, 1H), 5.99 (t, J=4.8Hz, 1H), 3.80- 
4.10 (m, 4H), 2.15 (m, 2H), 2.04 (m, 3H), 1.47 (s, 6H), 1.41 (m, 3H), 1.27 
(s, 9H). 

(2E)-3-(4-Bromo-8-^er/-butyl-3-isopropoxy-5,5-dimethvl-5,6-dihvdro- 
naphthalen-2- vl)-2-fluoro-but-2-en- 1 -ol (Compound A-142) Following 
General Procedure G-l, ethyl (2E)-3-(4-bromo-8-/eAt-butyl-3-isopropoxy- 
5,5-dimethyl-5,6-dihydro-naphtlialen-2-yl)-2-fluoro-but-2-enoate 
(Compound A-131, 115 mg, 0.24 mmol) and diisobutylaluminum hydride 
(1M in methylene chloride, 0.64 mL, 0.64 mmol) were reacted to give the 
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title compound as a colorless oil after purification by flash chromatography 
(silica gel, 10% ethyl acetate in hexanes). 

l H NMR (300 MHz, CDC1 3 ): 5 7.36 (s, 1H), 5.98 (t, J=4.8Hz, 1H), 4.38 (m, 
1H), 3.90-4.10 (m, 2H), 2.16 (m, 2H), 2.03 (m, 3H), 1.49 (s, 3H), 1.45 (s, 
3H), 1.20-1.40 (m, 15H). 

(2E)-3-r4-Bromo-8-5 , gc-butvl-3-ethoxv-5,5-dimethvl-5,6-dihvdro- 
naphthalen-2- yl)-2-fluoro-pent-2-en- 1 -ol (Compound A- 143). 

As described in General Procedure G-l 5 (2E)-3-(4-bromo-8-5ec-butyl- 
3-ethoxy-5 3 5-dimethyl-5,6-dihydro-naphthalen-2-yl)-2-fluoro-pent-2-enoic 
acid ethyl ester (Compound A-132, 567 mg, 1.18 mmol) and 
diisobutylaluminum hydride (1M in methylene chloride, 2.84 mL, 2.84 
mmol) were reacted to give the title compound as a colorless oil after 
purification by flash chromatography (silica gel, 10% to 15% ethyl acetate 
in hexanes). 

! H NMR (300 MHz, CDC1 3 ) 5 7.03 (s, 1H), 5.77 (t, J=4.7 Hz, 1H), 4. 10- 
3.84 (m, 4H), 2.30-2.15 (m, 2H), 1.57 (s, 3H), 1.55 (s, 3H), 1.45 (t, 7=7.0 
Hz, 3H), 1.10 (d, J=6.7 Hz, 3H), 1.01 (t, 7=7.5 Hz, 3H), 0.87 (t, 7=7.3 Hz, 
3H). 

(2E)-3-(4-Chloro-3-ethoxy-8-isopropyl-5,5-dimethvl-5,6- 
dihvdronaphthalen-2- yl)-2-fluoro-but-2-en- 1 -ol (Compound A-144) 

Following General Procedure G-l, ethyl (2E)-3-(4-chloro-3-ethoxy-8- 
isopropyl-5,5-dimethyl-5,6-dihydronaphthalen-2-yl)-2-fluoro-but-2-enoate 
(Compound A-133, 0.27 g, 0.66 mmol) and diisobutylaluminum hydride 
(1M in methylene chloride, 2.64 mL, 2.64 mmol) were reacted to give the 
title compound as a colorless oil after purification by flash chromatography 
(silica gel, 10% to 15% ethyl acetate in hexanes). 
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*H NMR (300 MHz, CDC1 3 ): 5 1.10 (d, J=6.8Hz, 6H), 1.39 (t, J=7.0 Hz, 
3H), 1.45 (s, 6H), 2.02(d, J=4.0Hz, 3H), 2.20 (d, J=4.8Hz, 2H), 2.67 (t, 
J=6.5Hz), 2.81 (hept, J= 6.7Hz, 1H), 3.89-4.05 (m, 4H), 5.78 (t, J=4.8Hz, 
1H), 7.02 (s, 1H). 

r2E)-3-(4-Chloro-3-ethoxv-8-isopropvl-5,5-dimethyl-5,6" 
dihvdronaphthalen-2-yl)-2-fluoro-pent-2-en~ 1 -ol (Compound A-145) 

A solution of n-butyllithium (1.6 M in hexanes, 0.56 mL, 0.90 mmol) 
was added over 10 min down the side of the flask to a —78 °C solution of 
ethyl 4-(diethylphosphoryl)-3-methylbut-2Z-enoate (218 mg, 0.90 mmol), 
l,3-dimethyl-3 ? 4 ? 5 ? 6-tetrahydro-2(///)-pyrimidinone (DMPU, 0.5 mL) and 
THF (3 mL). After 10 min, a solution of l-(4-chloro-3-ethoxy-8-isopropyl- 
5 ? 5-dimethyl-5,6-dihydronaphthalen-2-yl)-propan-l-one (Compound A- 
123, 100 mg, 0.3 mmol) and THF (2 mL) was added, and the resulting 
solution was warmed to 0 °C and stirred until the reaction was completed (< 
2 h). The mixture was diluted with water, and the product was extracted 
with ethyl ether. The combined ether extracts were washed with brine, 
dried over MgS0 4 , and filtered. Concentration of the filtrate under reduced 
pressure gave rise to an inseparable mixture of esters. 

Following General Procedure G-l, the ester mixture was treated with 
diisobutylaluminum hydride (1 M in methylene chloride, 1.3 mL, 1.3 mmol) 
to give the title compound as a colorless oil after purification by HPLC 
purification (normal phase, 5% ethyl acetate in hexanes). 
*H NMR (300 MHz, CDC1 3 ): 5 1 .00 (t, J=7.3Hz, 3H), 1.10 (d, J=6.7Hz, 
6H), 1.40 (t, J=7.0 Hz, 3H), 1.45 (s, 6H), 2.21 (d, J=4.7Hz, 2H), 2.47-2.56 
(m, 2H), 2.80 (m, 1H), 3.95-4.05 (m, 4H), 5.78 (t, J=4.7Hz, 1H), 7.00 (s, 
1H). 
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(2E)"3-r4-Bromo-8"isopropvl>3-methoxy-5,5-dimethvl-5,6-dihvdro- 
naphthalen-2-vl)-2-fluoro-but-2-enal (Compound A-146) 

As described in General Procedure H-l, (2E)-3-(4-bromo-8- 
isopropyl-3-methoxy-5,5-dimethyl-5,6-dihydro-naphthalen--2-yl)-2--fluoro- 
but-2-en-l-ol (Compound A-135, 130 mg, 0.33 mmol), 
tetrapropylammonium perruthenate (10 mg, 0.028 mmol) and 4- 
methylmorpholine N-oxide (77 mg, 0.66 mmol) were reacted in acetonitrile 
and dichloromethane to give the title compound after purification by flash 
column chromatography (silica gel, 5% ethyl acetate in hexane). 
l H NMR (300 MHz, CDC1 3 ) 6 9.32(d, J=19.6Hz, 1H), 7.10(s, 1H), 5.84(t, 
J-4.8Hz, 1H), 3.74(s, 3H), 2.77(m, 1H), 2.29(d, J=3.8Hz, 3H), 2.24(d, 
J=4.7Hz, 2H), 1.51 (s, 6H), 1.1 0(d, J=6.7Hz, 6H) 
r2E)-3-r4-Bromo-3-ethoxv-8-isopropvl-5,5-dimethvl-5.6-dihydro- 
naphthalen-2-yl)-2-fluoro-but-2-enal (Compound A-147) 

As described in General Procedure H-l, (2E)-3-(4-bromo-3-ethoxy-8- 
isopropyl-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-2-fluoro-but-2-en-l-ol 
(Compound A-136, 908 mg, 2.2 mmol), tetrapropylammonium 
perruthenate (20 mg, 0.057 mmol) and 4-methylmorpholine N-oxide (516 
mg, 4.4 mmol) were reacted in acetonitrile and dichloromethane to give the 
title compound after purification by flash column chromatography (silica 
gel, 5% ethyl acetate in hexane). 

! H NMR (300 MHz, CDC1 3 ): 5 9.31 (d, J=19.6Hz, 1H), 7.09 (s, 1H), 5.83 (t, 
J=4.8Hz, 1H), 3.88 (m, 2H), 2.77 (m, 1H), 2.28 (d, J-3.8Hz, 3H), 2.24 (d, 
J-4.7Hz, 2H), 1.51 (s, 6H), 1.37 (m, 3H), 1.10 (d, J=6.7Hz, 6H). 
(2E)-3-(4-Bromo-3-ethoxv-8-isopropvl-5,5-dimethyl-5.6-dihvdro- 
naphthalen-2-vl)-2-fluoro-pent-2-enal (Compound A-148) 
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As described in General Procedure H-l, (2E)-3-(4-bromo-3-ethoxy-8- 
isopropyl-5,5-dimethyl-5,6-dihydro-naphtto 

ol (Compound A-137, 885 mg, 2.08 mmol), tetraprdpylammonium 
perruthenate (20 mg, 0.057 mmol) and 4-methylmorpholine N-oxide (487 
mg, 4. 16 mmol) were reacted in acetonitrile and dichloromethane to give the 
title compound after purification by flash column chromatography (silica 
gel, 5% ethyl acetate in hexane). 

'HNMR (300 MHz, CDC1 3 ): 5 9.29 (d, J=19.6Hz, 1H), 7.05 (s, 1H), 5.83 (t, 
J=4.8Hz, 1H), 3.95 (m, 1H), 3.84 (m, 1H), 2.78 (m, 2H), 2.68 (m, 1H), 2.24 
(d, J=4.7Hz, 2H), 1.51 (d, J=10.3Hz, 6H), 1.37 (m, 3H), 1.09 (d, J=6.7Hz, 
6H), 1.05 (m, 3H) 

(2E)-3-(4-Bromo-3-ethoxv-8-isopropvl-5 )t 5-dimethvl~5,6-dihvdro- 
naphthalen-2-yl)-2-fluoro-4-methvl"pent-2-enal (Compound A-149). 

As described in General Procedure H-l, (2E)-3-(4-bromo-3-ethoxy-8- 
isopropyl-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-2-fluoro-4-methyl- 
pent-2-en-l-ol (Compound A-138, 140 mg, 0.32 mmol), 
tetrapropylammonium perruthenate (10 mg, 0.028 mmol) and 4- 
methylmorpholine N-oxide (94 mg, 0.80 mmol) were reacted in acetonitrile 
and dichloromethane to give the title compound as a white solid after 
purification by flash column chromatography (silica gel, 5% ethyl acetate in 
hexane). 

*H NMR (300 MHz, CDC1 3 ) 5 9.13 (d, 7=18.8 Hz, 1H), 6.92 (s, 1H), 5.75 (t, 
J=4A Hz, 1H), 3.98-3.67 (m, 2 H), 3.00 (sept, J=7.0 Hz, 1H), 2.70 (sept, 
7=6.3 Hz, 1H), 2.23-2.09 (m, 2H), 1.46 (s, 3H), 1.41 (s, 3H), 1.31 (t, J=7.0 
Hz, 3H), 1.16 (dd, 7=6.9, 1.0 Hz, 3H), 1.12 (d, J=7.0 Hz, 3H), 1.03 (d, 6.7 
Hz, 3H), 1.02 (d, 7=6.7, 1.8 Hz, 3H). 
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(2E)~3-r4-Bromo-3-isopropoxv-8-isopropyl-5>5-dimethvl~5.6--dihvdro- 
naphthalen-2-yl)-2-fluoro-but-2-enal (Compound A-150) 

As described in General Procedure H-l, (2E)-3-(4-bromo-3- 
isopropoxy-8-isopropyl-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-2- 
fluoro-but-2-eii-l-ol (Compound A-139, 220 mg, 0.52 mmol), 
tetrapropylammonium perruthenate (10 mg, 0.028 mmol) and 4- 
methylmorpholine N-oxide (151 mg, 1.25 mmol) were reacted in 
acetonitrile and dichloromethane to give the title compound after 
purification by flash column chromatography (silica gel, 5% ethyl acetate in 
hexane). 

! H NMR (300 MHz, CDC1 3 ): 5 9.33 (d, J=19.6Hz, 1H), 7.09 (s, 1H), 5.83 (t, 
J=4.8Hz, 1H), 4.43 (m, 1H), 2.79 (m, 1H), 2.27 (d, J=3.8Hz, 3H), 2.24 (d, 
J=4.7Hz, 2H), 1.54 (s, 3H), 1.48 (s, 3H), 1.25 (d, J=6.1Hz, 6H), 1.10 (d, 
J=6.7Hz, 6H). 

r2E)-3-r4-Bromo-3-propoxv-8-isopropvl-5,5-dimethvl-5,6-dihydro- 
naphthalen-2-yl)-2-fluoro-but-2-enal (Compound A-151) 

As described in General Procedure H-l, (2E)-3-(4~bromo-8- 
isopropyl-5,5-dimethyl-3-propoxy-5,6-dihydro-naphthalen-2-yl)-2-fluoro- 
but-2-en-l-ol (Compound A-140, 158 mg, 0.37 mmol), 
tetrapropylammonium perruthenate (10 mg, 0.028 mmol) and 4- 
methylmorpholine N-oxide (109 mg, 0.93 mmol) were reacted in 
acetonitrile and dichloromethane to give the title compound after 
purification by flash column chromatography (silica gel, 5% ethyl acetate in 
hexane). 

] H NMR (300 MHz, CDC1 3 ): 5 9.31 (d, J=19.6Hz, 1H), 7.10 (s, 1H), 5.83 (t, 
J=4.8Hz, 1H), 3.74-3.84 (m, 2H), 2.79 (m, 1H), 2.28 (d, J=3.8Hz, 3H), 2.24 
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(d, J=4.7Hz, 2H), 1.77 (m, 2H), 1.51 (s, 6H), 1.10 (d, J=6.7Hz, 6H), 1.00 
(m, 3H). 

r2E)-3-r4-Bromo>8-^r^butvl-3-ethoxv-5 < 5-dimethvl-5,6-dihvdro- 
naphthalen-2-vl)-2-fluoro-but-2-enal (Compound A-152) 

As described in General Procedure H-l, (2E)-3-(4-bromo-8-ter/- 
butyl-3-ethoxy-5,5-dimethyl-5,6-dihydro-nap 

en-l-ol (Compound A-141, 45 mg, 0.11 mmol), tetrapropylammonium 
perruthenate (10 mg, 0.028 mmol) and 4-methylmorpholine N-oxide (31 
mg, 0.26 mmol) were reacted in acetonitrile and dichloromethane to give the 
title compound after purification by flash column chromatography (silica 
gel, 5% ethyl acetate in hexane). 

*H NMR (300 MHz, CDC1 3 ): 5 9.33 (d, J=19.3Hz, 1H), 7.39 (s, 1H), 6.03 (t, 
J=4.8Hz, 1H), 3.88 (m, 2H), 2.29 (m, 3H), 2.17 (m, 2H), 1.49 (s, 6H), 1.37 
(m, 3H), 1.27 (s,9H). 

r2E)-3-(4-Bromo-8-/gr/"butyl-3-isopropoxv-5,5"dimethvl-5,6-dihvdro- 
naphthalen-2-yiy2-fluoro-but-2-enal (Compound A-153) 

As described in General Procedure H-l, (2E)-3-(4-bromo-8-/er^- 
butyl-3-isopropoxy-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-2-fluoro- 
but-2-en-l-ol (Compound A-142, 63 mg, 0.14 mmol), 
tetrapropylammonium perruthenate (10 mg, 0.028 mmol) and 4- 
methylmorpholine N-oxide (42 mg, 0.36 mmol) were reacted in acetonitrile 
and dichloromethane to give the title compound after purification by flash 
column chromatography (silica gel, 5% ethyl acetate in hexane). 
2 H NMR (300 MHz, CDC1 3 ): 5 9.33 (d, J=19.3Hz, 1H), 7.39 (s, 1H), 6.02 (t, 
J=4.8Hz, 1H), 4.40 (m, 1H), 2.28 (d, J-3.8Hz, 3H), 2.17 (m, 2H), 1.51 (s, 
3H), 1.47 (s, 3H), 1.20-1.40 (m, 15H). 
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r2E)-3>r4-Bromo~8-5'gc-butvl>3-ethoxv-5,5-dimethvl-5,6~dihvdro- 
naphthalen-2-yl)-2-fluoro-pent-2-enal (Compound A-154). 

As described in General Procedure H-l, (2E)-3-(4-bromo-8-5'ec-butyl- 
3-ethoxy-5,5-dimethyl-5,6-dihydro-naphthalen-2-yI)-2-fluoro-pent-2-en-l-- 
ol (Compound A-143, 41 1 mg, 0.94 mmol), tetrapropylammonium 
perruthenate (10 mg, 0.028 mmol) and 4-methylmorpholine N-oxide (274 
nig, 2.34 mmol) were reacted in acetonitrile and dichloromethane to give the 
title compound as a yellow oil after purification by flash column 
chromatography (silica gel, 5% ethyl acetate in hexane). 
l H NMR (300 MHz, CDC1 3 ) 5 9.28 (dd, 7=19.2, 9.8 Hz, 1H), 7.04 (s, 1H), 
5.81 (t,J=4.8Hz, 1H), 4.02-3.77 (m, 2H), 2.90-2.75 (m, 1H), 2.75-2.60 (m, 
1H), 2.60-2.49 (m, 1H), 2.33-2.16 (m, 2H), 1.58-1.56 (m, 3H), 1.47(d, J=8.5 
Hz, 3H), 1.10 (d, J=6.2 Hz, 3H), 1.05 (t, J=7.3 Hz, 3H), 0.87 (t, J=6.7 Hz, 
3H). 

(2E)-3-(4-Chloro-3-ethoxv-8-isopropyl-5,5-dimethvl-5.6- 
dihvdronaphthalen-2-yl)-2-fluoro-but-2-enal (Compound A-155) 

As described in General Procedure H-l, (2E)-3-(4-chloro-3-ethoxy-8- 
isopropyl-5 ,5-dimethyl-5,6-dihydronaphthalen-2-yl)-2-fluoro-but-2-en- 1 -ol 
(Compound A-144, 0.18 g, 0.49 mmol), tetrapropylammonium 
perruthenate (25 mg, 0.071 mmol) and 4-methylmorpholine N-oxide (115 
mg, 0.98 mmol) were reacted in acetonitrile and dichloromethane to give the 
title compound after purification by flash column chromatography (silica 
gel, 10% ethyl acetate in hexanes). 

l H NMR (300 MHz, CDC1 3 ): 5 1.10 (d, J=6.8Hz, 6H), 1.36 (t, J=7.0Hz, 
3H), 1.47(s, 6H), 2.22(d, J=4.8Hz, 2H), 2.28 (d, J=4.1Hz, 3H), 2.77 (m, 
1H), 3.88(m, 2H), 5.85 (t, J=4.8Hz, 1H), 7.05 (s, 1H), 9.31 (d, J=19.6Hz, 
1H). 
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r2E)-3^4-Chloro-3-ethoxv-8-isopropyl-5,5-dimethvl-5.6- 
dihydronaphthalen-2-yl)-2-fluoro-pent-2-enal (Compound A-156) 

As described in General Procedure H-l, (2E)-3-(4-chloro-3-ethoxy-8- 
isopropyl-5,5-dimethyl-5 5 6-dihydronaphthalen-2-yl)-2-fluoro-pent-2-en-l-ol 
(Compound A-145, 34 mg, 0.09 mmol) tetrapropylammonium perruthenate 
(10 mg, 0.028 mmol) and 4-methylmoipholine N-oxide (21 mg, 0.18 mmol) 
were reacted in dichloromethane to give the title compound after 
purification by flash column chromatography (silica gel, 10% ethyl acetate 
in hexanes). 

*HNMR (300 MHz, CDC1 3 ): 5 1.05 (t, J=7.1Hz, 3H), 1.09 (d, J=6.7Hz, 
6H), 1.35 (t, J=7.0Hz, 3H), 1.47 (d J=7.3Hz, 6H), 2.22 (d, J=4.7Hz, 2H), 
2.67 (m, 1H), 2.79-2.83(m, 2H), 3.85(m, 1H), 3.95 (m, 1H), 5.80 (t, 
J=4.7Hz, 1H), 7.00 (s, 1H), 9.31 (d, J=19.6Hz, 1H). 

Ethyl (2E.4E,6E)-7-(4-bromo-8-isopropvl-3-methoxv-5,5-dimethyl-5,6- 
dihvdro-naphthalen-2-vl)-6-fluoro-3-methyl-octa-2,4w6-trienoate 
(Compound A-l 57) 

Following General Procedure I- 1, ethyl 4-(diethoxyphosphoryl)-3- 
methyl-but-2E-enoate (233 mg, 0.87 mmol) and (2E)-3-(4-bromo-8- 
isopropyl-3-methoxy-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-2-fluoro- 
but-2-enal (Compound A-146, 116 mg, 0.29 mmol) were reacted to give 
the title compound as a colorless oil after purification by flash column 
chromatography (silica gel, 2% ethyl acetate in hexane) and HPLC (normal 
phase, 1% ethyl acetate in hexanes). 

*H NMR (300 MHz, CDC1 3 ): 5 7.02 (s, 1H), 6.57 (d, J=15.5Hz, 1H), 6.37 
(dd, J=15.5, 25.5Hz, 1H), 5.87 (s, 1H), 5.80 (t, J=4.8Hz, 1H), 4.16 (q, 
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J=7.3Hz, 2H), 3.70 (s, 3H), 2.79 (m, 1H), 2.23 (br s, 2H), 2.1 1-2. 13 (m, 
6H), 1.52 (br, 6H), 1.28 (m, 3H), 1.09 (m, 6H). 

Ethyl (2E, 4E. 6EV7-(4-bromo-3-ethoxv-8-isopropvl-5.5-dimethvl-5.6- 
dihvdro-naphthalen-2-vl)-6-fluoro-3-methyl-octa-2.4.6-trienoate 
(Compound A-158) 

Following General Procedure I- 1, ethyl 4-(diethoxyphosphoryl)-3- 
methyl-but-2E-enoate (1.3 g, 4.95 mmol) and (2E)-3-(4-bromo-3-ethoxy-8- 
isopropyl-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-2-fluoro-but-2-enal 
(Compound A-147, 675 mg, 1.65 mmol) were reacted to give the title 
compound as a colorless oil after purification by column chromatography 
(silica gel, 2% ethyl acetate in hexane). 

] H NMR (300 MHz, CDC1 3 ): 5 7.01 (s, 1H), 6.57 (d, J=15.5Hz, 1H), 6.38 

(dd, J=15.5, 25.5Hz, 1H), 5.87 (s, 1H), 5.79 (t, J=4.8Hz, 1H), 4.16 (q, 

J=7.3Hz, 2H), 3.86 (br s, 2H), 2.79 (m, 1H), 2.23 (br s, 2H), 2.10-2.13 (m, 

6H), 1.52 (br, 6H), 1.36 (m, 3H), 1.28 (m, 3H), 1.09 (m, 6H). 

Ethyl (2E,4E,6E)-7-(4-bromo-3-ethoxv-8-isopropvl-5,5-dimethvl-5,6- 

dihvdro-naphthalen-2-vl)-6-fluoro-3-methvl-nona-2,4 t 6-trienoate 

(Compound A-159) 

Following General Procedure I- 1, ethyl 4-(diethoxyphosphoryl)-3- 
methyl-but-2E-enoate (1.38 g, 5.22 mmol) and (2E)-3-(4-bromo-3-ethoxy- 
8-isopropyl-5,5-dimethyl-5,6-dihydro-naphthalen-2-yI)-2-fluoro-pent-2-enal 
(Compound A-148, 736 mg, 1.74 nimol) were reacted to give the title 
compound as a colorless oil after purification by column chromatography 
(silica gel, 2% ethyl acetate in hexane). 

'H NMR (300 MHz, CDC1 3 ): 8 6.97 (s, 1H), 6.57 (d, J=15.5Hz, 1H), 6.32 
(dd, J=15.5, 25.5Hz, 1H), 5.86 (s, 1H), 5.79 (t, J=4.8Hz, 1H), 4.16 (q, 
J=7.3Hz, 2H), 3.87-3.94 (m, 1H), 3.76-3.83 (m, 1H), 2.80 (m, 2H), 2.47 (br 
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s, 1H), 2.21-2.27 (m, 2H), 2.13 (s, 3H), 1.56 (s, 3H), 1.48 (s, 3H), 1.35 (m, 
3H), 1.28 (m, 3H), 1.11 (d, J=6.7Hz, 3H), 1.05 (d, J=6.7Hz, 3H), 0.93 (m, 
3H). 

Ethyl (2R4E,6E)-7-(4-Bromo-3-etho^ 
dihydro-naphthalen-2-yl)-6-fluoro-3,8-dm 
(Compound A-160). 

Following General Procedure 1-1, ethyl 4-(diethoxyphosphoryl)-3- 
methyl-but-2-enoate (280 mg, 1 .06 mmol) and (2E)-3-(4»bromo-3-ethoxy-8- 
isopropyl-5 ? 5-dimethyl-5,6-dihydro-naphthalen--2-yl)-2-fluoro-4-methyl- 
pent-2-enal (Compound A-149, 116 mg, 0.27nimol) were reacted to give 
the title compound as a colorless oil after purification by column 
chromatography (silica gel, 2% ethyl acetate in hexane). 
! H NMR (300 MHz, CDC1 3 ) 5 6.83 (s, 1H), 6.46 (d, /=15.5Hz, 1H), 6.10 
(dd, 7=15.7, 25.7 Hz, 1H), 5.77 (s, 1H), 5.70 (t, J=4.8Hz, 1H), 4.08 (q, 
7=7.1 Hz, 2H), 3.80(quint, J=7.0 Hz, 1H), 3.71 (quint, J=7.0 Hz, 1H), 2.91 
(sept, J=7.0 Hz, 1H), 2.72 (sept, J=6.8 Hz, 1H), 2.23-2.08 (m, 2H), 2.01 (s, 
3H), 1.47 (s, 3H), 1.41 (s, 3H), 1.29 (t, J=6.9 Hz, 3H), 1.19 (t, J=7.0 Hz, 
3H), 1.06 (d, .7=7.0 Hz, 6H), 1.03 (d, J=7.6 Hz, 3H), 0.96 (d, J=6.7 Hz, 3H). 
Ethyl (2E,4E,6E)-7-(4-bromo-3-isopropoxy-8-isopropyl-5,5-dimethvl-5.6- 
dihvdro-naphthalen-2-yl)-6-fluoro-3-methyl"Octa-2,4,6-trienoate 
(Compound A-161) 

Following General Procedure I- 1, ethyl 4-(diethoxyphosphoryl)-3- 
methyl-but-2E-enoate (417 mg, 1.58 mmol) and (2E)-3-(4-bromo-3- 
isopropoxy-8-isopropyl-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-2- 
fluoro-but-2-enal (Compound A-150, 167 mg, 0.39 mmol) were reacted to 
give the title compound as a colorless oil after purification by column 
chromatography (silica gel, 2% ethyl acetate in hexane). 
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] H NMR (300 MHz, CDC1 3 ): 8 7.01 (s, 1H), 6.57 (d, J=15.5Hz, 1H), 6.43 
(dd, J=15.5, 25.5Hz, 1H), 5.87 (s, 1H), 5.78 (t, J=4.8Hz, 1H), 4.38 (m, 1H), 
4.16 (q, J=7.3Hz, 2H), 2.77 (m, 1H), 2.23 (d, J=4.7Hz, 2H), 2.15 (s, 3H), 
2.1 1 (d, J=3.5Hz, 3H), 1.51 (s, 6H), 1.28 (m, 3H), 1.24 (d, J=6.2Hz, 6H), 
1.10 (s, 6H). 

Ethvl(2E.4E.6EV7-(4-bromo-8-isopropvl-5.5-dimetfav1 -3-propoxv-5.6- 
dihvdro-naphthalen-2-vlV6-fluoro-3-methvl-octa-2.4.6-trienoate 

(Compound A-162) 

Following General Procedure I- 1, ethyl 4-(diethoxyphosphoryl)-3- 
methyl-but-2E-enoate (214 mg, 0.9 mmol) and (2E)-3-(4-bromo-3-propoxy- 
8-isopropyl-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-2-fluoro-but-2-enal 
(Compound A-151, 129 mg, 0.30 mmol) were reacted to give the title 
compound as a colorless oil after purification by column chromatography 
(silica gel, 2% ethyl acetate in hexane). 

l H NMR (300 MHz, CDC1 3 ): 5 7.02 (s, 1H), 6.57 (d, J=15.5Hz, 1H), 6.38 
(dd, J=15.5, 25.5Hz, 1H), 5.87 (s, lH), 5.79 (t, J=4.8Hz, 1H), 4.16 (q, 
J=7.3Hz, 2H), 3.67-3.86 (br s, 2H), 2.79 (m, 1H), 2.23 (br s, 2H), 2.10-2.13 
(m, 6H), 1.79 (m, 2H), 1.52 (br s, 6H), 1.28 (m, 3H), 1.09 (m, 6H) 1.00 (m, 
3H). 

Ethvl (2E. 4E. 6E>-7-(4-bromo-8-terr-butvl-3-ethoxv-5.5-dimethvl-5,6- 
dihvdro-naphthalen-2-vlV6-fluoro-3-methvl-octa-2.4.6-trienoate 

(Compound A-163) 

Following General Procedure I- 1, ethyl 4-(diethoxyphosphoryl)-3- 
methyl-but-2E-enoate (92 mg, 0.35 mmol) and (2E)-3-(4-bromo-8-/er?- 
butyl-3-ethoxy-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-2-fluoro-but-2- 
enal (Compound A-152, 37 mg, 0.09 mmol) were reacted to give the title 
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compound as a colorless oil after purification by column chromatography 
(silica gel, 2% ethyl acetate in hexane). 

! H NMR (300 MHz, CDC1 3 ): 5 7.28 (s, 1H), 6.58 (d, J=15,5Hz, 1H), 6.39 
(dd, J=15.5, 25.5Hz, 1H), 5.99 (t, J=4.8Hz, 1H), 5.87 (s, 1H), 4.16 (q, 
J^7.3Hz, 2H), 3.80-4.00 (m, 2H), 2.13 (m, 8H), 1.56 (s, 3H), 1.43 (s, 3H), 
1.37 (m, 3H), 1.28 (m, 3H), 1.26 (s, 9H). 

Ethvl (2E. 4E. 6E)-7-(4-bromo-8-terf-butvl-3-isopropoxv-5.5-dimethvl-5,6- 
dihvdro-naphthalen-2-vl)-6-fluoro-3-methvl-octa-2.4.6-trienoate 
(Compound A-164) 

% Following General Procedure I- 1, ethyl 4-(diethoxyphosphoryl)-3- 
methyl-but-2E-enoate (97 mg, 0.36 mmol) and (2E)-3-(4-bromo-8-terf- 
butyl-3-isopropoxy-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-2-fluoro- 
but-2-enal (Compound A-153, 40 mg, 0.091 mmol) were reacted to give 
the title compound as a colorless oil after purification by column 
chromatography (silica gel, 2% ethyl acetate in hexane). 
'H NMR (300 MHz, CDC1 3 ): 5 7.29 (s, 1H), 6.58 (d, J=l 5.0Hz, 1H), 6.44 
(dd, J=15.5, 24.9Hz, 1H), 5.97 (t, J=4.8Hz, 1H), 5.87 (s, 1H), 4.39 (m, 1H), 
4.17 (q, J=7.1Hz, 2H), 2.1 1-2.27 (m, 8H), 1.49 (m, 6H), 1.2-1.4 (m, 18H). 
Ethvl f2E. 4E. 6E)-7-(4-Bromo-8-jec-butvl-3-ethoxv-5.5-dimethvl-5.6- 
dihvdro-naphthalen-2-vl)-6-fluoro-3-methvl-nona-2.4.6-trienoate 

(Compound A-165) 

Following General Procedure 1-1, ethyl 4-(diethoxyphosphoryl)-3- 
methyl-but-2-enoate (645 mg, 2.44 mmol) and (2E)-3-(4-Bromo-8-5ec- 
butyl-3-ethoxy-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-2-fluoro-pent-2- 
enal (Compound A-154, 333 mg, 0.81 mmol) were reacted to give the title 
compound as a light yellow syrup after purification by column 
chromatography (silica gel, 2% ethyl acetate in hexane). 
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l H NMR (300 MHz, CDC1 3 ) 5 6.97 (s, 1H), 6.57 (d, J=l 5.6Hz, 1H), 6.32 
(ddd, J=25.6, 15.6, 4.8 Hz, 1H), 5.87(s, 1H), 5.77(t, J=4.7Hz, 1H), 4.16 (q, 
.7=7.2 Hz, 2H), 3.98-3.87 (m, 1H), 3.83-3.73 (m, 1H), 2.85-2.73 (m, 1H), 
2.63-2.41 (m, 2H), 2.29-2.18 (m, 2H), 2.14 (s, 3H), 1.61-1.43 (m, 7H), 1.36 
(t, J=7.0 Hz, 3H), 1.28 (t, J=7.0 Hz, 3H), 1.09 (dd, J=1.38, 6.7 Hz, 3H), 
0.98-0.79 (m, 6H). 

Ethyl (2E.4E,6E)-7-(4-chloro-3-ethoxy-8-isopropvl-5.5-dimethvl-5.6- 
dihvdronaphthalen-2-vl)-6-fluoro-3-methyl-octa-2.4,6-trienoate 
(Compound A-166) 

Following General Procedure I- 1, ethyl 4-(diethoxyphosphoryl)-3- 
methyl-but-2E-enoate (517 mg, 1.96 mmol) and (2E)-3-(4-chloro-3-ethoxy- 
8-isopropyl-5,5-dimethyl-5,6-dihydronaphthalen-2-yl)-2-fluoro-but-2-enal 
(Compound A-155, 0.13g, 0.35mmol) were reacted to give the title 
compound as a colorless oil after purification by column chromatography 
(silica gel, 1% to 2% ethyl acetate in hexanes). 

'H NMR (300 MHz, CDC1 3 ): 5 1.09 (m, 6H), 1.28 (t, J=7.3Hz, 3H), 1.35 (t, 
J=7.0Hz, 3H), 1.48 (br s, 6H), 2.12-2.14 (m, 6H), 2.22 (br s, 2H), 2.79 (m, 
1H), 3.88 (br s, 2H), 4.16 (q, J=7.4Hz, 2H), 5.79 (t, J=4.8Hz, 1H), 5.87 (s, 
1H), 6.38 (dd, J=15.5 and 25.5Hz, 1H), 6.57 (d, J=15.5Hz, 1H), 6.98 (s, 
1H). 

Ethvl (2E.4E.6EV7-(4-chlOro-3-ethoxv-8-isopropvl-5.5-dimethvl-5.6- 
dihvdronaphthalen-2-vl)-6-fluoro-3-methyl-nona-2.4.6-trienoate 
(Compound A-167) 

Following General Procedure I- 1, ethyl 4-(diethoxyphosphoryl)-3- 
methyl-but-2E-enoate (139 mg, 0.53 mmol) and (2E)-3-(4-chloro-3-ethoxy- 
8-isopropyl-5,5-dimethyl-5,6-dihydronaphthalen-2-yl)-2-fluoro-pent-2-enal 
(Compound A-156, 32 mg, 0.09 mmol) were reacted to give the title 
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compound as a colorless oil after purification by column chromatography 
(silica gel, 1% to 2% ethyl acetate in hexane). 

'H NMR (300 MHz, CDC1 3 ): 8 0.94 (t, J=7.4Hz, 3H), 1.05-1.13 (m, 6H), 
1.28 (t, J=7.0Hz, 3H), 1.34 (t, J=7.0Hz, 3H), 1.50 (s, 3H), 1.56 (s, 3H), 2.13 
(s, 3H), 2.24 (m, 2H), 2.46 (m, 1H), 2.80 (m, 2H), 3.81 (m, 1H), 3.91 (m, 
1H), 4.16 (q, J=7.3Hz, 2H), 5.78 (t, J=4.8Hz, 1H), 5.86 (s, 1H), 6.31 (dd, 
J=15.5 and 25.5Hz, 1H), 6.56 (d, J=15.5Hz, 1H), 6.93 (s, 1H). 

(2E. 4E. 6E)-7-f4-Bromo-8-isopror>vl-3-methoxv-5.5-dimethvl-5.6-dihvdro- 
naphthalen-2-vl)-6-fluoro-3-methvl-octa-2.4.6-trienoic acid (Compound A- 
168) 

As described in General Procedure J-l, ethyl (2E,- 4E, 6E)-7-(4- 
bromo-8-isopropyl-3-methoxy-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)- 
6-fluoro-3-methyl-octa-2,4,6-trienoate (Compound A-157, 43 mg, 0.085 
mmol) in ethanol was treated with a solution of 1 N NaOH to produce the 
title compound after purification by recrystallization from acetonitrile. 
'H NMR (300 MHz, CDC1 3 ): 6 7.02 (s, 1H), 6.60 (d, J=15.5Hz, 1H), 6.41 
(dd, J=15.5, 25.5Hz, 1H), 5.89 (s, 1H), 5.80 (t, J=4.8Hz, 1H), 3.71 (s, 3H), 
2.79 (m, 1H), 2.23 (br s, 2H), 2.12-2.15 (m, 6H), 
1 .52 (br s, 6H), 1 .09 (m, 6H). 

(2E. 4E. 6EV7-r4-Bromo-3-ethoxv-8-isopropvl-5.5-dimethvl-5.6-dihvdro- 
naphthalen-2-vD-6-fluoro-3-methvl-octa-2.4.6-trienoic acid (Compound A- 
169) 

As described in General Procedure J-l, ethyl (2E, 4E, 6E)-7-(4- 
bromo-3-ethoxy-8-isopropyl-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-6- 
fluoro-3-methyl-octa-2,4,6-trienoate (Compound A-158, 860 mg, 1.65 
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mmol) in ethanol was treated with a solution of 1 N NaOH to produce the 
title compound after purification by recrystallization from acetonitrile. 
*H NMR (300 MHz, CDC1 3 ): 5 7.01 (s, 1H), 6.59 (d, J=15.5Hz, 1H), 6.42 
(dd, J=15.5, 25.5Hz, 1H), 5.89 (s, 1H), 5.79 (t, J=4.8Hz, 1H), 3.70-3.90 (br 
s, 2H), 2.78 (m, 1H), 2.22 (br s, 2H), 2.12-2.18 (m, 6H), 1.52 (br s, 6H), 
1.36 (m,3H), 1.09 (m 5 6H). 

(2E.4E,6EV7-( r 4-Bromo-3-ethoxv-8-isopropvl-5,5-dimethvl-5,6-dihydro- 
naphthalen-2-vl)-6-fluoro-3-methyl-nona-2,4,6-»trienoic acid (Compound 
A-170) 

As described in General Procedure J-l, ethyl (2E,4E,6E)-7-(4-bromo r 
3-ethoxy-8-isopropyl-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-6-fluoro- 
3-methyl-nona-2,4,6-trienoate (Compound A-159, 930 mg, 1.74 mmol) in 
ethanol was treated with a solution of 1 N NaOH to produce the title 
compound after purification by recrystallization from acetonitrile. 
! H NMR (300 MHz, CDC1 3 ): 5 6.97 (s, 1H), 6.59 (d, J=15.5Hz, 1H), 6.37 
(dd, J-15.5, 25.5Hz, 1H), 5.89 (s, 1H), 5.79 (t, J=4.8Hz, 1H), 3.87-3.94 (m, 
1H), 3.76-3.83 (m, 1H), 2.80 (m, 2H), 2.47 (br s, 1H), 2.20-2.26 (m, 2H), 
2.14 (s, 3H), 1.56 (s, 3H), 1.48 (s, 3H), 1.36 (m, 3H), 1.11 (d, J=6.7Hz, 3H), 
1.05 (d, J=6.7Hz, 3H), 0.93 (m, 3H). 

(2E,4E.6E)-7-r4-Bromo-3-ethoxv-8-isopropyl-5,5-dimethvl-5.6-dihydro- 
naphthalen-2-vl)-6-fluoro-3.8-dimethvl-nona-2,4,6-trienoic acid 
(Compound A-171). 

As described in General Procedure J-l, ethyl (2E,4E,6E)-7-(4-bromo- 
3-ethoxy-8-isopropyl-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-6-fluoro- 
3,8-dimethyl-nona-2,4,6-trienoate (Compound A-160, 134 mg, 0.25 mmol) 
in ethanol was treated with a solution of 1 N aqueous NaOH to produce the 
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title compound as a white solid after purification by recrystallization from 
acetonitrile. 

*H NMR (300 MHz, CDC1 3 ) 5 6.90 (s, 1H), 6.56 (d, 7=15.8Hz, 1H), 6.22 
(dd, .7=15.8, 25.5 Hz, 1H), 5.86 (s, 1H), 5.78 (t, J=4.5 Hz, 1H), 3.92 (quint, 
J=7.0 Hz, 1H), 3.78 (quint, J=7.0 Hz, 1H), 2.99 (sept, J=7.0 Hz, 1H), 2.79 
(sept, J=6.6 Hz, 1H), 2.31-2.14 (m, 2H), 2.09 (s, 3H), 1.54 (s, 3H), 1.49 (s, 
3H), 1.37 (t, J=7.0 Hz, 3H), 1.14 (t, J=7.0 Hz, 6H), 1.1 1 (d, 7=6.7 Hz, 3H), 
1.03(d,/=6.7Hz,3H). 

(2E,4E.6E)-7-(4-Bromo-3-isopropoxy-8-isopropyl-5,5-dimethyl-5,6- 
dihvdro-naphthalen-2-vl)-6-fluoro-3-methvl-octa-2.4.6-trienoic acid 
(Compound A-172) 

As described in General Procedure J-l, ethyl (2E,4E,6E)-7-(4-bromo- 
3-isopropoxy-8-isopropyl-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-6- 
fluoro-3-methyl-octa-2,4,6-trienoate (Compound A-161, 189 mg, 0.35 
mmol) in ethanol was treated with a solution of 1 N NaOH to produce the 
title compound after purification by recrystallization from acetonitrile. 
! H NMR (300 MHz, CDC1 3 ): 8 7.00 (s, 1H), 6.59 (d, J=15.5Hz, 1H), 6.47 
(dd, J=15.5, 25.5Hz, 1H), 5.89 (s, 1H), 5.79 (t, J=4.8Hz, 1H), 4.38 (m, 1H), 
2.77 (m, 1H), 2.24 (d, J=4.1Hz, 2H), 2.16 (s, 3H), 2.12 (d, J=3.5Hz, 3H), 
1 .52 (s, 6H), 1 .24 (d, J=6.2Hz, 6H), 1 . 1 0 (s, 6H). 

(2Z,4E,6E)-7-(4-Bromo-8-isopropyl-5,5-dimethvl-3-propoxv-5.6-dihvdro- 
naphthalen-2-vl)-6-fluoro-3-methyl-octa-2,4,6-trienoic acid (Compound A- 
173) 

As described in General Procedure J-l, ethyl (2E,4E,6E)-7-(4-bromo- 
8-isopropyl-5,5-dimethyl-3-propoxy-5,6-dihydro-naphthalen-2-yl)-6-fluoro- 
3-methyl-octa-2,4,6-trienoate (Compound A-162, 160 mg, 0.30 mmol) in 



600 64 PA 



17626 



206 



ethanol was treated with a solution of 1 N NaOH to produce the title 
compound after purification by recrystallization from acetonitrile. 
l H NMR (300 MHz, CDC1 3 ): 5 7.02 (s, 1H), 6.59 (d, J=15.5Hz, 1H), 6.43 
(dd, J=15.5, 25.5Hz, 1H), 5.89 (s, 1H), 5.79 (t, J=4.8Hz, 1H), 3.60-3.80 (br 
s, 2H), 2.79 (m, 1H), 2.23 (br s, 2H), 2.12-2.16 (m, 6H), 1.79 (m, 2H), 1.52 
(br s, 6H), 1.09 (br s, 6H), 1.00 (m, 3H). 

(2E. 4E. 6E)-7-(4-Bromo-8-^rr-butvl-3-ethoxv-5.5-dimethvl-5.6-dihvdro- 
naphthalen-2-vl)-6-fluoro-3-methyl-octa-2,4,6-trienoic acid (Compound 
A-174) 

As described in General Procedure J-l, ethyl (2E, 4E, 6E)-7-(4- 
bromo-8-/er/-butyl-3-ethoxy-5,5-dimethyl-5 ? 6-dihydro-naphthalen-2-yl)-6- 
fluoro-3-methyl-octa-2,4,6-trienoate (Compound A-163, 46 mg, 0.086 
mmol) in ethanol was treated with a solution of 1 N NaOH to produce the 
title compound after purification by recrystallization from acetonitrile. 
! H NMR (300 MHz, CDC1 3 ): 5 7.28 (s, 1H), 6.60 (d, J=15.5Hz, 1H), 6.43 
(dd, J=15.5, 25.5Hz, 1H), 5.99 (t, J=4.8Hz, 1H), 5.89 (s, 1H), 3.8-4.0 (m, 
2H), 2.13 (m, 8H), 1.56 (s, 3H), 1.43 (s, 3H), 1.37 (m, 3H), 1.26 (s, 9H). 
(2E, 4E, 6E)-7-(4-Bromo-8-/gr/-butvl-3-isopropoxy-5,5-dimethvl-5.6- 
dihvdro-naphthalen-2-vl)-6-fluoro-3-methyl-octa-2 <> 4,6-trienoic acid 
(Compound A-175) 

As described in General Procedure J-l, ethyl (2E, 4E, 6E)-7-(4- 
bromo-8-/er/-butyl-3-*isopropoxy-5,5-dimethyl-5,6-dihydro-naphthalen-2- 
yl)-6-fluoro-3-methyl-octa-2,4,6-txienoate (Compound A-164, 46 mg, 0.08 
mmol) in ethanol was treated with a solution of 1 N NaOH to produce the 
title compound after purification by recrystallization from acetonitrile. 
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'H NMR (300 MHz, CDC1 3 ): 5 7.29 (s, 1H), 6.60 (d, J=14.1Hz, 1H), 6.49 

(dd, J=14.3, 24.3Hz, 1H), 5.97 (t, J=4.8Hz, 1H), 5.89 (s, 1H), 4.39 (m, 1H), 

2.01-2. 1 8 (m, 8H), 1 .49 (s, 6H), 1 .20- 1 .40 (m, 1 5H). 

(2E. 4E. 6EV7-r4-Bromo-8-^gc-butvl-3-ethoxv-5.5-dimethvl-5.6-dihvdro- 

naphthalen-2-vlV6-fluoro-3-methvl-nona-2.4.6-trienoic acid (Compound 

A-176). 

As described in General Procedure J-l, ethyl (2E, 4E, 6E)-7-(4- 
bromo-8-jec-butyl-3-ethoxy-5,5-dimethyl-5,6-dihydro-naphthalen-2-yl)-6- 
fluoro-3-methyl-nona-2,4,6-trienoate (Compound A-165, 370 mg, 0.67 
' mmol) in ethanol and THF was treated with a solution of 1 N aqueous 
NaOH to produce the title compound after purification by recrystallization 
from acetonitrile. 

] H NMR (300 MHz, CDC1 3 ) 5 6.95 (s, 1H), 6.59 (d, 7=15.5 Hz, 1H), 6.36 
<ddd, 7=25.3, 15.9, 4.8 Hz, 1H), 5.77(t, J=4.5 Hz, 1H), 5.88 (s, 1H), 5.77 (t, 
.7=4.5 Hz, 1H), 3.97-3.87 (m, 1H), 3.83-3.73 (m, 1H), 2.79 (quintet, 1H), 
2.62-2.41 (m, 2H), 2.29-2.19 (m, 2H), 2.14 (s, 3H), 1.60-1.45 (m, 8H), 1.36 
(t, 7=7.0 Hz, 3H), 1.08 (dd, 7=15.2, 6.7 Hz, 3H), 0.97-0.78 (m, 6H). 
r2E.4E.6EV7-C4-Chloro-3-ethoxv-8-isopropvl-5.5-dimethvl-5.6- 
dihvdronaphthalen-2-vlV6-fluoro-3-methvl-octa-2.4.6-trienoic acid 
(Compound A-177) 

As described in General Procedure J-l, ethyl (2E,4E,6E)-7-(4-chloro- 
3-ethoxy-8-isopropyl-5,5-dimethyl-5,6-dihydronaphthalen-2-yl)-6-fluoro-3- 
methyl-octa-2,4,6-trienoate (Compound A-166, 0.14 g, 0.30 mmol) was 
hydrolyzed with 1 N NaOH to produce the title compound as a yellow solid 
after recrystallization from acetonitrile. 

l R NMR (300 MHz, CDCI3): 6 1.09 (m, 6H), 1.35 (t, J=7.0Hz, 3H), 1.47 (br 
s, 6H), 2.12-2.14 (m, 6H), 2.22 (br s, 2H), 2.79 (m, 1H), 3.87 (br s, 2H), 
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5.79 (t, J=4.8Hz, IK), 5.89 (s, 1H), 6.41 (dd, J=15.5 and 25.5Hz, 1H), 6.59 
(d, J= 15.5Hz, IK), 6.97 (s, IK). 

aE.4E.6E)-7-( r 4-Ghloro-3-ethoxv-8-isopropvl-5.5-dimethvl-5.6- 
dihvdronaphtfaalen-2-vl)-6-fluoro-3-methvl-nona-2,4.6-trienoic acid 
(Compound A-178) 

As described in General Procedure J-l, ethyl (2E,4E,6E)-7-(4-chloro- 
3-ethoxy-8-isopropyl-5,5-dimethyl-5,6-dihydronaphthalen-2-yl)-6-fluoro-3- 
methyl-nona-2,4,6-trienoate (Compound A-167, 30 mg, 0.06 mmol) was 
hydrolyzed with 1 N NaOH to produce the title compound as a solid after 
recrystallization from acetonitrile. 

l H NMR (300 MHz, CDC1 3 ): 5 0.94 (t, J=7.3Hz, 3H), 1.05-1.13 (m, 6H), 
1.34 (t, J=7.0Hz, 3H), 1.45 (s, 3H), 1.50 (s, 3H), 2.13 (s, 3H), 2.22 (m, 2H), 
2.47 (m, 1H), 2.77-2.84 (m, 2H), 3.81-3.88 (m, 1H), 3.89-3.94 (m, 1H), 5.78 
(t, J=4.8Hz, 1H), 5.88 (s, 1H), 6.35 (dd, J=15.5 and 25.5Hz, 1H), 6.58 (d, 
J=15.5Hz, 1H), 6.93 (s, 1H). 



600 64 PA 



17626 



209 



TABLE 9 

Receptor Transactivatiom Efficacy and Binding Data for Exemplary 
Compounds of Formula F 
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